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TEXTBOOKS 


One of the first problems that engaged the attention of the National Council 
of Educational Research and Training was with regard to the preparation and produc¬ 
tion of improved textbooks for the school stage. For this purpose, the Council set 
up in 1962 on a permanent basis and with comprehensive terms of reference, a Central 
Committee on Educational Literature, which is responsible for drawing up the pro¬ 
grammes of preparing textbooks and other instructional materials and to have these 
programmes implemented. 


The Committee has since set up the following Panels of Experts to prepare text¬ 


books:— 

(1) Physics 

(2) Chemistry 

(3) Biology 

(4) Mathematics 

(5) General Science 

(6) History 


(7) Geography 

(8) Hindi 

(9) Sanskrit 

(10) Commerce 

(11) Technology 

(12) Agriculture 


Textbooks on the following subjects have been brought out by the Council. 

BIOLOGY TEXTBOOK 

The Biology Textbook has been prescribed as a textbook by the Central Board 
of Secondary Education for all the higher secondary schools affiliated to the Board 
from the school year 1964-65. This textbook is being brought out in sections. The 
following two sections have been brought out and the remaining sections arc expected 
to be ready in August 1965. 

(1) Biology:—A Textbook for Higher Secondary Schools: 

Section 1—Some Basic Pacts About Life—Rs. 2.25. 

(2) Biology:—A Textbook for Higher Secondary Schools: 

Section 2—The Diversity of Plant Life—Rs. 2.75. 


All the sections of the Biology Textbook will be cloth-bound in one volume and 
the bound copies are expected to be ready during this calendar year. 

HINDI TEXTBOOKS 

(1) Kavya Sankalan: A collection of selected poems (A Poetry Textbook in Hindi for 
Higher Secondary Schools)—Rs. 1.85 

(2) Gadya Sankalan; A collection of selected essays (A Prose Textbook In Hindi for 
Higher Secondary Schools)—Rs. 2.15. 

These have been prescribed as textbooks by the Central Board of Secondary 
Education for all the higher secondary schools affiliated to the Board from the school 
year 1965-66. 



FIRST YEAR BOOK OF EDUCATION-A REVIEW OF EDUCATION IN INDIA 
(1947-1961) (Revised edition in two parts,) 

The First Indian Year Book of Education was published by the National Council 
of Educational Rcscaich and Training in August 1961, It was devoted to a icvicw 
of education in India from 1947 to 1961 and covered the educational development in 
the Centre and in the States during post-independence period, 

In the levised edition under piint the facts and figures have been brought up to 
the end of 1961 In view of the bulk of the publication, this revised edition has been 
divided into two parts, Part One sets forth a review of education m the whole country 
and the Union Territoiies. Part Two which deals with the development of education 
in the States is expected to be ready before the end of 1965 

Workers in the educational field and all those who arc interested in Indian educa¬ 
tion will find it useful 

Part One—Pages 418+xxii—Puce Rs, 17,00 
Copies amiable from: 

The Chief Publication Officer, 

National Council of Educational Research 
and Training, 114-Sundar Nagar 
NewjDellu-ll 

OR 

From Approved Sales Agents, 



INSTRUCTIONS TO AUTHORS 


School Science is a quarterly journal intended to serve teachers and students m sthmih with 
the most recent developments in science and science methodology. It amis to serve as a forum for 
exchange of experience m science education and science piojccls, 

Articles covering these aims and objectives are invited. 

Manuscripts including legends for illustrations, charts, graphs, etc, should be neatly typed, double 
spaced on uniformly sized paper and sent to the Editor, School Science, Department of Science 
Education, NCER.T, H2/3 Model Town, Delhi-9. Each article may not normally exceed 10 typed 
pages 


The article sent for publication should be exclusive for this journal. Digests of previously 
published articles modified to suit the scope and purpose of School Science will he accepted, In these 
cases the name of the journal in which the original at tide appeared, must be staled. 

Please do not underline the headings. 

Selected references to litcratuie arranged alphabetically according to the author's names may 
bo given at the end of the aiticle wherever possible, Each reference should contain the name of the 
author (with initials), the year of publication, the subject title of the publication, the volume and page 
numbers, 

In the text, the reference should be indicated by the author's name followed by the year of 
publication enclosed in brackets, eg, (Passow, 1962). When the aulhoi’s name occurs in the text, 
the year of publication alone need be given in brackets, e.g., Passow (1962). 

Illustrations may be limited to the minimum considered necessary, and should be made with pen 
and indelible Indian ink, Photographs should be on glossy paper, at least of post card si/e, and should 
be sent properly packed so as to avoid damage in transit, 

Ten off-pnnts without cover arc supplied free to the authors, Extra copies, if requiiod, may be 
ordered while sending the manuscript, and will have to be paid for by the authors, 



Atomic and Other Useful Constants 


D. S. Kolliati 

Chairman , University 
Quints Commission, Mew Delhi 


h — 1.0545 x 10 - - 7 erg sec 
2-Ti = ft - 6 6256 X 10 - 7 erg see 
e = 4.803 x 10“ ln esu 
c - 2.998 x 10 1Q cm/see 
m t - 9.109 x 10~ 2B gm 
/c = 1.381 x 10‘ lfl ei'g/deg K 
G — 6 670 x 10- K dyn cmr/gmd 

Avogadro Constant --- 6.023 x 10" ;i per mole 


tn e = 9.11 X 10 j2S gm = 0511 Mev --- 




e J _ 1 
Tic 137.0388 


- 7.2972 x 10- 3 


a 0 = a X c = a ra n 

a = A'- = 0,529 x 10-" cm 
1,4 


X„ = 75 =-- 3.861 X I0- U cm 
me 

i 7 0 = e \ - 2.818 x 10 18 cm 
" mr 


3 86x 10 11 cm l.?9x!0 - 'seel 
m c r ■ 2 

R um 109, 737.3 cm ' 

13,605 olcctron-volt 

Pine-structure doublet separa- 
i lion in hydrogen (/d ..,/>» 3 levels 
R 

| for n 2) ,J'-r 0.366 cm ‘ 


* For Atomic Constants see E.B, Cohen, Fable of Physical Constants, R. Cimenio p, H4; 
(1957); Also, Physics Today, February, 1964. 
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8” 

9 0 (Thomson scattering cross section) = -j a 2 “ 0.665 barn 

(1 barn - I0- 34 cm s ) 

~ (1.4 x 10- 13 ) 2 ~ 10- 2 ® cm 2 . 

Bohr magneton ^ = 9.273 x iO - '-’ 1 erg^ganss 

Bohr nuclear magneton p# = 0.505 x 10" 23 crg'gauss 
Proton moment p- p = 1.410 x 10‘ 23 erg/gauss 

HI 

Muon moment = 3.1834 — / /*» 


De Broglie Wavelength 


Velectron-volt 
2 860x10-° 


Verg 

, 3.602x I0" n 
J -v/crg 


r . 12.26 x 10- fl 7.274 1.552X10- 13 

01C r01 ' Velectron-volt (velocity) Verg 

f . . 2860X10-° 3.956 x ID” 3 3.602 X 10” 1 

or neu ron „ y'electron-volt (velocity) 1 Verg 

Photon wavelength (X) = (eleclron . TOlt ) cm 

n u- • n\ a ri\ i 12.26X10- 11 
Combining (1) and (3) : A = ,y t cm 

with V* = V + 0.9785 x 10~ # P 


cm ...(2) 


Combining (1) and (3) : 


Note : (i) Definition of V* : we have (eV+inc^ =» p % c 3 + />»* c 4 
or p - (leVm + [tom (v + ^ r)]"’ 

= [2em F*] ua 

Hep 

(ii) p = . [ n the relativistic case p *= eVftOO c, 

1 _”_ V — 300 lip, 

/7p=3.372 VK4-0.9785X 10-° V'-\ II in. gauss. Via volt, p in cm. 

1 atomic mass unit = 931.48 MeV 
1 g = 5.610 X 10°« MeV 

1 c!ectron r mass = 0.511 MeV 

1 proton mass = 938.21 1 MeV 

1 neutron mass = 939.505 MeV 

le : v. = 1.602 X 10- n crg 

Elv = he = 1.9S6 X lO" 33 erg cm 

The g-factor for free electrons is [Phys. Rev . 130, 847 (1963)] 


8 = 2 (1 +», 
a = o72t— 0.328 a 2 /**, 
= 0.001,159,615, 

It 
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as against the experimental value of a/2- — (0.327 ± 0.005) a 2 /- 2 . 

Lamb shift, for the .s-levcl (/? =2) in H-atom is 1060 mcgacycles/sco 

= 4.4 x 10 0 ev. 


SOME ASTROPIIYSICAL CONSTANTS 


SCHWARZCIIILD RADIUS 


2C/c 2 = 1 5 x 10 -28 - m 
gm 

~ 10- 

C nr Cm,c- 

Hubble Constant H = 10 km/sec. mcgaparsec. 

(1 parsec = 3.26 light yeais = 3.1 x 10 1H cm) 

Photometric radius of‘the Universe’ — 1 O'- 8 cm 

Mattcrjicnsily = 1 atom/cm 3 (galactic) 

= 10~ s atom/cm 3 (mcta-galactic) 

- 10- 7, /cm 3 

— 1 cv/cm 3 (galactic) 

= 10~ 3 cv/cm 3 (mcta-galactic) 

Cosmic ray density = 1 cv/cm 3 (local) 

Magnetic Field == lO -3 gauss (galactic) 

= 10 -7 gauss (mcta-galactic) 


Galactic density 
Starlight density 


Quasi-Stellar Sources (See Scientific American, p. 54, Dec. 1963) 

('Perhaps the most bizarre and puzzling objects ever observed 
through a telescope’)—some 10 are known. ‘Source’ 3C-273 is 2 billion 
light years distant, and about 3000 light years in diameter; (Doppler shift 
16 per cent). Mass about 10 s Solar Masses. Its ‘period’ is about 13 yeais. 

3C-2S6 is 2 — 6 billion light years distant. 

Energy released ; I0' 17 crg/scc or one solar-mass-cquivalcnt in 

a year 


Useful Energy-conversion Relations 

1 kwh = 3.412 x 10 n BTU 

= 0.86 x 10 3 cal 
= 2.66 x IO 6 ft lb 
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1 ft lb = 1.356 joule 

1 h.p. = 746 watt 

10° watt hr — 3.412 x 10 11 Bd U 
= 0.86 x 10° gin cal 
(= 125 kg of coat 
= 400 kg of lignite 
= 83.3 kg of petrol 
= 94,5 nr 1 of natural gas 
= 250 kg (= 0,5 7» 3 ) of vegetal fuel 
= 0.04 gm of U 235) 


Just Released 


REPRINTS IN BIOLOGV 


B. S. C. S. Biological Science : An Inquiry Into Life (Textbook) 


Pp. 700 . Price : Rs K 00 


B. S. C. S. Biological Science i An Inquiry Into Life (Tenchcr's Manual) 

Pp, 130. Price; Rc. LOO 

B. S. C. S. Biological Science i An Inquiry Into Life (Student Laboratory Guide) 

Pp 305. Price ; Rs. 2.00 

B. S. C. S. Biological Science : An Inquiry Into Life (Teacher’s Manual for Student Labora¬ 
tory Guide) 

Pp. 302. Price : Rs, 2 50 

These four books were prepared by the Biological Sciences Curriculum 
Study of America and published by Harcourt, Brace Inc. s World, U.S.A, 
Now these are reprinted in India by the National Council of Educational 
Research and Training, New Delhi. 


Order your copies from : 

The Chief Publication Officer, National Council of Educational 
Research and Training, 114-Sunder Nagar, New Delhi-11. 


Plants that India gave the World 

P. Maheshwari 

Head of the. Botany Department , Delta Univeisily, Delhi 


F OR nearly two thousand yeais India 
was a prize foi which men woikcd 
and waned and greatly advcntuicd. 
What was it that brought other ships to 
India’s coast, and kept foreigneis on om 
land for several hundied yeais despite 
immense distances, the jealousy of olhci 
nations, and the icstlcss hostility of the 
Indians themselves 7 Predominantly it 
was the giecn gold glowing on the lap of 
this country which acted like a magnet in 
attracting people of different races. The 
following account deals with only a few 
selected plants which were in all proba¬ 
bility indigenous to the Indo-Malayan 
region and have spicad from licic to other 
parts of the world. 

SUGARCANE 

In ancient times the only sweetening 
material known to the Western races was 
the honey produced by bees from the 
sugary nectar of flowers A piospcious 
land was described as one ‘flowing with 
milk and honey’. When Alexander came 
to India in 320 b c. he was surprised to 
see reeds from which the ‘barbarians acioss 
the Indus’ obtained all the honey they 
wanted. 

Accoiding to Hindu mythology, die 
origin of the sugarcane took place in a 
rather mysterious way. As the talc goes, 
King Trishankhu once approached the 
sage Vishwamitra with the request that 
he (Vishwamitra) should send him to 
heaven. Vishwamitra agreed but India 
refused admission When Trishankhu 
again appealed to Vishwamitra. the latter 


cicated a new heaven 7 1 ishaukhu Swatg 
(a place between earth and Heaven) flu 
the King. Sugarcane was one of the 
sevcial plants brought into being flu the 
King’s use Foi innately for us, a mishap 
icsulted in the Tiisliankhu Swarg being 
thrown down to the earth along with 
the sugaicane. 

In the eighth centuiv \ n, sugaicane 
reached Spain and m the fifteenth centuiv 
it spicad to Madeiia, the A/.oies and the 
Cape Veide islands. The seventeenth 
centuty saw sugaicane cultisated through¬ 
out the tropical legions of the woild 
Until about a hundred yeais ago it was 
the chief source ofsugai, although now 
the beet is also important. India remains 
to this clay one of the, most impmlaut cane 
glowing countries of the woild. 

RICE 

Rice is the most impoilant food crop 
of Asia and at present its cultivation 
extends to almost all the nopicul and sub- 
tiopical legions of the world. In India 
and China the cultivation of lice is as 
old as history and numeious tefn chits 
have been made to it in ancient Hindu 
scriptines and excavations. The oldest 
specimens yet known to the woild ate of 
carbonized paddy found in the exca¬ 
vations at Ilastinapur (Uttar Piudrsht and 
dating as far back as KHlfl-7 r >(! im ,, bill 
theic is no doubt that like wheat il was 
already in cultivation four thousand 
years ago. 

The Cheeks came to know of the imp 
after Alexander’s invasion of India, 't he 
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Arab traders, who visited the west coast 
of India, learnt of it still earlier and 
introduced it further west. 

COTTON 

Amongst the curious myths of ancient 
times the most extravagant and persistent 
m the West was that of the 'Vegetable 
Lamb of Tartary’. People conjectured 
that there were tiees bearing fruits, which 
when ripe and open, produced little lambs, 
whose soft white fleeces could be used to 
weave cloth. In the fifth century 
b.c Herodotus gave testimony that 
‘India has wild trees that bear fleeces as 
their fruit and of these the Indians make 
their clothes’. These trees were none 
other than cotton, and the soft, white, 
delicate fleece of ‘the Vegetable Lamb’ 
was only the familiar cotton wool. 

The earliest written record of cotton is 
in the Rig Veda which is supposed to have 
been composed fifteen centuries before the 
Christian era. However, it was in culti¬ 
vation 5000 years ago in the days of 
Mohenjodaro and we read of the dis¬ 
covery of bits of cloth made of cotton and 
preserved by the action of the silver coins 
they enclosed. The cultivation of cotton, 
its use for the manufacture of piece-goods 
and the dyeing and finishing of these 
fabrics made such a wonderful progress 
in the Middle Ages that India had a 
roaring trade in cotton goods not only 
with the adjoining countries but also with 
far distant lands through Venice. 

Independently of the Indus civilization 
cotton was also domesticated in South 
America, since cotton textiles have been 
found in ancient Peruvian tombs and in 
the cliff dwellings of south-western United 
States. However, there is no doubt that 
Indian cotton came first. The Egyptians 
at that time made cloth from the fibres of 


flax and have taken in rnUnn cultivation 
only in comparatively iccent times. 

TKA 

The tea plant, a native nf Assam and 
tiic adjoining areas of Upper Burma, 
cheers anrl enmforts millions of human 
beings all over the world, (illilia was the 
first country to cultivate lea and in appre¬ 
ciate its usefulness as a brveiage. India 
icmaincd ignorant of the treasure bestowed 
on her by Natute and actually made a 
start in the cultivation of tea by itnpmting 
seeds from China, although the plants 
were growing in hci forests all the. time! 

Tea travelled rather slowly, It was 
introduced in Japan in UMK) A.t>. and in 
Europe in the later pail of the sixteenth 
century. In the seventeenth century it 
was sold in Britain at 10 guineas a pound, 
In 1664 a casket was sent to Queen 
Catherine, wife of C Jinnies II, and she 
cherished it so much that tea drinking 
became quite popular among the, digni¬ 
taries of England, While India is 
the largest producer and exporter of tea 
in the world, the crop is also grown in 
China, Japan, Indonesia, Ceylon and 
Formosa in appreciable quantities. 

MANGO 

A great deal more has been written 
in praise of the luscious mango than 
any other fruit. It has been the favourite 
of Indian poets, the abode of the hod 
and of Kamadeva , the God of Love. A 
mango grove was presented by Amradarika 
to Buddha as a place of repose. Amir 
Khusro sang its praises in the 14th century 
and said that while other fruits arc 
edible only when ripe, the mango is good 
at evciy stage of its growth. He called 
it ‘the pride of the garden, the choicest 
fruit of Hindustan’. Geoige Slocombe, a 
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British journalist who visited India in 
1930, wiole ‘The fruit of the Tree in 
Eden was no swectci to pi imeval man than 
the mango is to an Indian. He cats it 
with passion He speaks of it in the 
language of poetry . , A corpulent 
zamindar, sitting under the shade of a 
banyan lice in the heat of the day, with a 
basket of mangoes beside him and a 
water jar, knows no greater happiness. 
Even the revolt of his tenants against rents 
and land revenue can Double his heail 
but little in that hour of contemplation and 
gouimandising.’ 

Akbar is said to have planted, near 
Darbhanga, the Lakhbagh—an orchard 
of a hundred thousand trees—at a time 
when large orchards were unhcai d of. 
The Aine-e-Akbari contains a long account 
of the mango, giving information about 
the quality and vaiiclal featmes of the 
fruit. 

Today the mango is one of the most 
important fruits of south-eastern Asia, and 
is widely grown in Malaya, Indonesia and 
the Philippine Islands It succeeds well 
in Plawau and is also cultivated in the 
West Indies and Florida. 

BANANA 

A large number of varieties of the 
banana are grown in India, Thailand and 
Malaya. Unmistakable references to it 
occur in the Epics of the Pali Buddhist 
canon of 500-600 li c Another i cfei'em e 
(from the Jataka, oa 350 n.c.) is of 
particular interest and the ‘fiuit as big 
as a tusk’ very piobably rcfcis to the 
‘horn plantain’ so named because of its 
likeness to various animal hoi ns or tusks. 
The sages of India rested m the shade of 
the plant and ate its fruit. 

The plant, which is easily piopagatcd 
by its conns, travelled far and wide with 


migrants liom the Asiatic mainland 
Presumably the Aiabs mtioduccd it fiom 
India into Palestine and then into Egypt 
in the scsenlh ccntuiy A.n. Fiom the 
eastern coast of Afiica it seems to have 
spread ngliL across the counliy, for it was 
already exisUnt on the west coast when 
Europeans fust visited it in the fifteenth 
ccntuiy Apparently iL was piesenl 
throughout the islands of the Pacific before 
they were known to wcsteineis, and their 
were sevcial vaiicties growing in Hawaii 
when those islands were discos eted by 
Captam Cook in 177H. The banana was 
mtioduccd into tropical Amriicu only in 
1516 a n but has since spicad so rapidly 
that now iL is the most important banana 
pioducing region of the world. 

Two reasons for the banana's populaiity 
,u c its high yield and gieat nutritive value, 
It has as much as 22 pei cent carhohydtalc 
together with vitamins A and C, all 
contained in a pulp which is soft, sweet, 
and pleasantly aiomutic. Tine, it is 
‘the fruit of wise men’. 

PEPPER 

Of gi cater impoitancT, than all of these, 
liom the standpoint of the historian, is 
peppei—a native of Malabar and the 
foicsts or Keiala. For ages this was one 
of the most important articles of tiarlc 
between India and the West. It was 
well known to Theophrastus in the fnuilh 
century R.c. and to Dinseondes and Pliny. 
Tribute was levied in pepper when money 
was sealer and rents wnc often paid 
similni ly. 

Pepper was taken to Kmope either 
tinnugh the Persian Gulf, Mesopotamia 
and Syria, or through the Red Sea and 
the Gulf of Suez. The Romans levied 
duly on ii at Alexandra in I7(i a.u. 
Fiom line it was ic-cxpnrtrd to Venice 
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and Genoa whose prosperity depended 
largely on their Uade with the Oiicnt. 
It was to break the Venetian monopoly 
that the Portuguese wanted to find a sea 
passage to India. The Dutch iollowcd 
them like ants after a cube ol sugai and 
then the Fiench and the British, all 
wanting Lo have a shaic in the lucrative 
trade. For many years the Midas touch 
of India poured gold into Portugal, 
Holland and England Today die 
British have left India and pepper is no 
Iongei important, but till lecently the 
Portuguese did not wish to give up some 
pockets of teiritorics which they called 
their ‘Estado da India’. The lnstoiy 
of the Goa pioblem thus goes back to 
a period more than 450 yeais ago when 
the Portuguese came lo India in seal eh of 


.spites It is lnU-icsling lo nolr that the 
era of Portugal's gie.urst wraith and 
influence coincided with the pciiocl ol'hct 
piofilablc monopoly of the spite trade. 

Among othei economic plants which 
spread licnn the liulo-Malasan legion to 
many places in the world, mention may 
be made of the pigeon-pea miliar), 
lirinjal, cucumber, jute, hemp, indigo, 
coconut, ginger, cardamom, nutmeg, 
turmeric and yam. On the other hand 
the cashew-nut, chilli, tapioca, potato, 
tomato, groundnut, pineapple, guava, 
sweet potato, maize, annwrnot, squash 
and muskmelon now' so common in out 
maikcts, arc not natives of India and have 
been inlioduced fioin the Ameiicas 
Plant introduction can thus be of tremen¬ 
dous value to people all over the world. 


. ---- - 

New Reprints in Chemistry 

Chemistry—An Experimental Science 

Pp 466 Price. Rs. 8.00. 

Laboratory Manual for Chemistry—An Experimental Science 

Pp 138. Price: Rs. 1.80. 

Teacher’s Guide for Chemistry—An Experimental Science $ 

Pp, 785, Price: Rs. 10.00. 

These three books were prepared by the Chemical Education Material Study of America 
and published by W.H. Freeman & Go., San Francisco. Now these are reprinted in v 
India by the National Council of Educational Research and Training. 

Order your copies from . 

The Chief Publication Officer, 

National Council of Educational Research and Training 
114, Sundar Nagar, New Delhi-11, 

Or from any Approved Sales Agent. 
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Radiation Hazards and Protection 


A Niigamtnam 

Institute of Nuclear Medicine and Allied Sciences, Delhi 


T HE past few decades have witnessed 
unprecedented applications of atomic 
energy in diverse fields. The pate ol 
advance became particularly lapid after 
1946 when leactors became poweihil 
souices for the production of indioiso- 
topes Radioactive isotopes and ionising 
ladiations aie being used extensively in 
the fields of researches in basic and 
biological sciences, clinical lescarch, diag¬ 
nosis and theiapy, agriculture and 
industiy. Atomic rcaclois ate already 
pioducing power in many paits of the 
woild. Atomic submarines have been 
on the seas ioi several years now. 

In basic leseaich ladioisotopes aie 
used as tiaccis While chemically indis¬ 
tinguishable horn then lionnal counlci- 
parts, radioisotopes, liy virtue ol the 
ladiations they emit, can be identified 
(by suitable instiuinents like the Geigei 
counlei) and followed in extieinelv 
minute amounts By the use of tiaeer 
methodology new insight is being gained 
on such fundamental questions as the 
mechanism ol photosynthesis in plants, 
detailed functions of the different parts of 
the living cell, the way genetic information 
is stored and transmitted, the dynamics 
and metabolism of different elements in 
human beings in hcahh and disease, etc 
Radioisotopes aie telling us the best ways 
of utilizing feitili/eis and evolving mote 

Published with the kind permission nt tli. 
ancl Allied Sciences .—Author 


powerful lnscrltricUs l>y a 1 k*uh nuclei- 
standing of the site and mode of at lion ■<! 
dings 

Some of the most speeuculai advauie, 
lie In the field of application of i.uliaiinn 
to medical st iences. Radiotratcis ,ue 
used as a diagnostic aid m the hehls n| 
thyroid diseases, blond diseases, i mien, 
etc. Radioisotopes and exiei nal i.nhatioii 
theiapy with i atlin-e obalt units have 
In ought a gieal deal ol henefil to e am n 
patients. 

In industiy ntdioiMilopes aie mrd lot 
control ol ((iialiiv ut iiianulai tilling 
processes such as Itn inuiinl ol thaknts. 
in the papn iutlusliy, In Aiiimi,i the 
annual savings to industiy liy ihc me ol 
ladioisotopes is estimated to he about a 
thousand million ilollai> 

Nut leal ciingy is being hamcs«ed foi 
puvvei pincluetioii m mam eiuimiiis 
We in India aie paiinitially iuinrsirtl m 
the field because ol «mi desue Im i.ipiel 
ludusliiali/atiou .1 s well .1. tun laige 
irseivis of iiuelcai I'ueK, 

It is appaieni that ia»liali"ii ha- pinveti 
lo be a veisalile and pownluh alimd 
mtlispeiisalile, it.nl 111 mam a held ftm 
time ate potential lu/auh ,»>m« latrel wnh 
the impiopei use of latliaHtue, •.met 
excessive expoMiie ol the human IhkK m 
ladiation can uiw haimlul lnolot'ieal 
elfeets. It theieloie be'Cttmes neees.aiv !>* 

Oliieei-Ii'-I hail'.. linden. V > I U 
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undei stand these hazards, evaluate Lheni 
and control them, to assure that we 
obtain the best use out of radiation and 
maintain progress. 

Radiation. Hazards 

Oui knowledge of the biological effects 
of radiation has been built up over the 
past 50 years through human experience 
in the following fields: 

Early x-ray workers, 
luminous dial painters; 
patients who had been administered 
radium salts; 
uranium miners, 
atomic bomb survivors in Japan; 
patients receiving high doses during 
radiation treatment; 
victims of reactor accidents, and 
children whose mothers received 
radiation exposure during pieg- 
nancy. 

It must however be emphasized that 
human experience in this field is rather 
limited and that for the greater pait we 
have to rely on lesulls of animal experi¬ 
ments. 

The actual effects depend on a vaiiety 
of factors, the most impoitant among 
which are the total radiation dose, the 
time period over which the dose is spread, 
nature of the radiations and part of the 
body exposed. 

The first step in the interaction of 
radiation with tissues is the ionisation 
(knocking out of elections) of a very 
small number of atoms and molecules 
constituting the cells of the part exposed 
to radiation. This initiates a sequence of 
complex biochemical events which may 
lead ultimately to cell damage or cell 
death 

Radiation hazards may be external or 


internal. The rMnsial ha/.aul aiiscs 
fiom the exposure of the body to pene¬ 
trating ladialions (like gamma lays or 
ncutions) horn souiees outside the body. 
Alpha ray cnnttcis are not an external 
hazard since alpha rays cannot pcneliatc 
even a fraction of a nullnnelic in tissue. 
Beta lays will not noimally be a .signi¬ 
ficant external luizuid since clothing will 
stop a large part; but beta cmiltcis in 
contact with the skin can piodruc loss 
of hair and skin bums. 

Internal hazards oiiginate tluough the 
incorporation into the body of radio¬ 
active materials. This may at ise through 
inhalation of radioac live dusts ami vapours, 
fiom ingestion (through eating and 
drinking) of active mateiials, or by injec¬ 
tion through cuts and wounds. Depend¬ 
ing upon the miluic of the* radioisotope, 
the radiation it emits, its half-life, etc., 
even extremely minute amounts of inter¬ 
nally deposited ladioisotopes may he 
hazardous. Thus a 'body buiden' of 
more than about onc-lcnth of a micro¬ 
gramme of radium may lead in the long 
run to ill-cflbcl.s. This arises because, 
once ladium gains enliy into the body, 
it gets lodged in the bone wlieie it stays 
for many decades. Inside the bone, 
radium and its daughter products give off 
radiations (alpha, beta, gamma) which 
can damage vital parts like the bone and 
blood-foiming mgans. 

The biological effects depend on the 
part of the body exposed. Some organs 
like blood-forming organs, reproductive 
organs and the gastro-inlcslinal lute! arc 
particulaily radiosensitive. Whole body 
exposure is the most hazardous. 

The effects also depend on the rale at 
which the radiation dose is received. 
‘Acute’ exposure (received over a short 
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period) is more injurious than protracted 
or ‘chronic 1 exposure. This is because 
cells have a certain capacity for repair 
and recovery from the effects of radiation 
injury. Thus a whole body dose of 600 
rem* would be lethal if received as a 
single exposure. The same dose spread 
over a period of 20 years should not cause 
any recognisable clinical effects. 

Biological effects can also be classified 
as somatic and genetic. Somatic effects arc 
manifested in the person exposed to 
radiation. They may be manifested soon 
after exposure (within a few days) while 
certain types of somatic effects may be 
exhibited after a latent period of several 
years. Genetic injury does not affect the 
exposed persons but the progeny. The 
exposure to radiation of the sex cells of a 
person damages the genetic material 
causing ‘gene mutations’. During pro¬ 
creation one of the damaged sex cells 
may take part in the fertilization process, 
the feitilized cell, therefore, carrying the 
defect and repeating itself during succes¬ 
sive divisions, leading to an offspring that 
carries these defective cells. 

The eaily effects of acute whole body 
exposure (which may occur in reactor 
accidents or nuclear war) depend on the 
dose received. For doses less than 50 
lem no symptoms will be manifested. Foi 
a dose of 50-200 rem, a small percentage 
of the people exposed may vomit, within 
a day, some may feel weakness; thcie will 
be a temporary decrease in blood counts. 
No deaths aie expected. For 200-450 
rem, practically everyone exposed will 
have radiation sickness. They will vomit 
soon after exposure, will be sick for a 

♦The rem is the unit in which radiation dose is 
expressed. The roentgen is another unit commonly 
used. 


few days, then be apparently well foi 1-5 
weeks and at the end of this period show 
epilation followed by moderately severe 
illness. At 450 lem about half the 
number of pci sons exposed will die, In 
other words, a pcison exposed to 450 rem 
has a 50-50 chance of survival. With 
increasing doses the, sickness becomes 
moie acute and for a close, of 600 rem the 
chance of survival is very small. 

Acute local exposure of the skin will 
lead to loss of hair (dose of 200 rem) and 
radiation bums. After very high doses 
burns may not heal and may turn canc.eunis 
after a long period of delay. 

Late somatic effects can occur after 
either acute or chronic exposure and may 
be manifested many months or ycais alter 
the onset of exposure. The, late elleets 
include life-shot tening, talaiact, sterility, 
cancer, and in case ol foetal hradiation, 
developmental defects. None of these 
effects is caused uniquely byiadiation, but 
occur naturally also in thr human 
population. All that can In* said is that 
radiation exposure increases the iniidnice 
of these effects. The greater the dose 
that a person has received, the gi eater is 
the chance that lie may exhibit one of 
these defects. The exact conflation of 
the incidence of late diet ts with the dose 
is still uncertain, I'm the same total dose 
icceived, whether the incidence is less lm 
chronic than for acute ejqmsuie, and 
whether there is any tlueshold dose above 
which only the dl'eets are m.uiilested ate 
not yet established. To err tin the sale 
shle, it is generally assumed that thrie is 
no tlueshold, that the piubabiliu u! a 
particular cll’cct is piupnrlioual totlie total 
dose received and independent of the 
dose rate. 

As mentioned eailici, thelgenctie iujuis 
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does not affect the exposed individuals 
but can be infrared only by statistical 
studies of their descendants. The effects 
of genetic injuiy aie (i) change in sex 
ratio (ratio of male to female biilhsj, 
(») increased incidence of abortions and 
stillbirths, (in) increased incidence of 
malfoimed babies, and (iv) incieased 
incidence of infant mortality. For 
genetic effects, it is generally accepted 
that there is no threshold dose and that 
the most significant factor is the total dose 
accumulated by the reproductive oigans 
up to the time of procreation. 

Radiation Hazards in Perspective 
All facets of human advance have 
always had associated with them an 
element of hazard. The use of ihe, 
elccLncity and means of transport are 
examples that come immediately to om 
minds Just because there arc so many 
road accidents we have not banned the 
use of the motor car Because there have 
been adveise reactions and even death in 
certain cases by the use or penicillin and 
other drugs, we have not prohibited then 
use. A small dose of morphia can he used 
to alleviate pain; a largei dose of the same 
kills Radiation is no different from any 
of these Wisdom lies in the contiolled 
and judicious use of these tools which ate 
double-edged weapons. We may also 
recall that man has always been subjected 
to a certain amount oTnatural background 
radiaLion, from cosmic rays, radioactivity 
in rock, soil and building maleuals us 
well as radioactive elements present m 
minute amounts in the body. 

Barring the few exceptional cases like 
reactor accidents, the exposure situation 
of greatest practical significance is low 
level chronic exposure As mentioned 
earlier, there is unfortunately little direct 


infdt illation on the binlogita! efln t.s of 
such exposme. We have to extrapolate 
from the results of animal e\pn minus at 
somewhat higher doses 

The Intel national Commission on 
Radiological Froteelinii uhuli i ■insists of 
12 expeiis in the field dinun limn all 
over the world, makes icromniemlafinns 
from time to time ol'ilir 'peimissihlelimits 
of radiation exposme'. Flic peimissihle 
dose is one ‘with h is not mint eeptuhle to 
the individual and the population at large, 
and which in thclightnf present knowledge 
carries a negligible ptnbability of seveie 
somatic m genetic injuries. Futther it 
is such a dose, that any (‘Herts that ensue 
are more frequently limited to those iff a 
minor natuie that would not henmsidered 
unacceptable by the exposed individual 
and by lompetenl mcdital authorities.* 
The philosophy of ladiation pioteelum 
am therefore* be summarised as the taking 
of a calculated, lonuullalde. small risk. 

The presently i eemnniended maximum 
permissible whole body dose fin radiation 
workers can be basically taken to be "> 
icm pei yeat fni 100 nuem per ueeki, 
The restrictions on the maximum peunis- 
siblc doses for a incmbei of the general 
public aie more stringent. 

Control oj Radiation Hazards 

Health Physics’ is the new siieiue ol 
the protection of uidiatlon woikeis by 
the application of the knowledge and 
piaetiee of the principles of physics, and 
enables us to reap the benefits of radiation 
while simultaneously assiuiug a high 
standard of radiation safely. 

The Institute of Nuclear Medicine and 
Allied Sciences, located at Delhi undei 
the Research and Development Organi¬ 
sation of the Ministry of Defence, is 
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Fig I Radioactive isotopes me received Itom 
the Atomic Eneigy Establishment, Tiombtiy in 
suitably packed containeis with distinctive labels 
The parcels aie opened behind piotective shielding 
by ti ained pet sonnet 


Fig. Radiii.u list siiliiliiiti. In int; ile.pi n id 
by iemote cmitiiil jnpi tie In hind lead > Im Idlin’ 
The woikei is vimliig tin Iipi lallnii I In ■ hii;Ii had 
glass sshiih piutects the rsi , limn die this ul 
ladiation 


Fig 3 A Uige activity source being tiansfetied 
by remote rontiol longs to be stmed inside a lead 
castle 


I'ig. 1 Isotope^ entanaiim; indi.'t.-sn ’.apn 
leading to liih.ii.itinn iias.ud. aie *« mg rnueli 
inside a glnse box 
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Fig. 8, Workers arc monitored when leaving 


Fig. It, High level radhurlive wastes kepi 
behind protective shielding la-vug monitored for 
activity level. When Irvel comes down to accept- 
able valors, pro)»er dinjWKal nrnlrt health physics 
supervision is carried out. 


Fig. 1 The Air Monitor is used to monitor 
and measure the tadtii activity content of tVir an 
in and around the hot laboratory and othei 
areas. 


the Isotope Laboratory to ensure that they do not 
Fig. 7. Carcass of a rat that had been used in carry any contamination on their person or 
radioactive experiment studies being monitored clothing. In case or an accidental contamination, 

decide on suitable method of disposal, proper decontamination measures are carried out 
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concerned whh the use of radioisotopes 
and ionising radiations for clinical ie- 
search, diagnosis and therapy, as well as 
for research in allied sciences The 
Institute has a ‘hot laboratory’ designed 
for safe woiking with high levels of ladio- 
aclivity. A brief description of the 
working of the hot laboratory will give an 
idea of how health physics is put into 
practice and radiation protection achieved 

The Institute’s hot laboiatory consists 
of a set of four rooms located in an isolated 
wing in the first floor of the Institute plus 
a ‘hot animal house’ located in the ground 
flooi Facilities are available in the hot 
laboratory for storage and dispensing of 
radioisotopes, storage of high level radio¬ 
active wastes, radiochemical work, animal 
experimentation studies with radioisotopes 
as well as wash and decontamination. 
Entry to the hot area is through an en¬ 
closed corridor. 

External radiation hazards are con¬ 
trolled by (t) working for minimum 
necessary time with radiation sources, 
( li ) keeping sufficient distance between 
the source and operator and (iii) inlet - 
posing sufficient shielding between the 
source and worker so as to attenuate the 
flux of radiation Internal bazaids arc 
controlled by (z) rigorous discipline and 
clean working habits, and (zt) strict 
contiol of radio-contamination of working 
surfaces, laboratoiy areas of poisons 
(especially hands of workeis) which leads 
to ingestion and inhalation hazards. 

Radiation workers wear a ‘film badge’ 
for recording the radiation doses received 
by them. The film badge consists of a 
small piece of photographic film specially 
sensitive to nuclear radiations wiapped 
inside a dark paper and enclosed within 
a plastic ‘casette’. This is worn on the 


chesl for a definite pciiod (gencially a 
week 01 a fin might) while working with 
radiation sotnees. At the end of the: 
peiiod the film is developed and the 
clcgiee of blackening gives an indication 
of the dose received. 

Hot Laboratoiy Discipline 

Special protective clothing fgenerally 
laboratory ovei coals, special shoes, gloves) 
aic worn while working in the hot laboia- 
toiy Aftci each opciaiion and at the 
end of the day’s woik lie removes his 
protective clothing in a preseiibed niaimet, 
washes his hands and is monitored with 
suitable itislniinents (like Geiger counter; 
for signs of contamination on his prison 
and clothing. Where, ncee.ssmy suitable 
decontamination pioecdmcs ate adopted 
to ensure that he does not cany any 
radioactivity on his prison or clothing. 
(Vi lain other pieeautums like avoiding 
eating, thinking or smoking in active 
ateas aie also cnfotcrd on the wnikn. 
Suitable shielding (usually of lead) and 
remote contiol equipment air available 
to i educe the external ladiation dose lo 
workers; lead glass pi ovules protection to 
the eyes 

Special attention has been given to the 
pattern of furnishing the hot LibnnUoiy 
to ensure ladialion salcty and eonlatnt- 
nalion control. Metallic tables and stools 
with high guide stainless steel mps ,ur 
used instead of wooden forniuiie, so that 
in the event of an accidental spill, the 
surface ran easily he decontaminated, 
Fooi-opeutted dust bins, laps and sinks 
ate provided so that they can be used 
even when the hands air. contaminated, 
Operations involving radioactive liquids 
ate cariicd out inside tcays lined with 
blotting paper so that in the event ut an 
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accidental spill, die >pill is (onlincd '> ■ 
thr iray and is not ,,llovwl to spir.tr! 

Cilovc boxes ate available lor opeialinm 
winch may lead In die loiinatimi ut 
radioaciive vapmus, Hush m annsnK 
Manipulations air canted out insulr the 
glove box by the use of lubhri gloves; (lie 
glove box is niainlamcd al a sltgliiK 
negative piessuie by means of a small 
motor located inside. Ibis ensmes that 
air will flow only horn outside into the 
glove box and not vice veisa. l'lic ex¬ 
hausted ait is lilined and disrhaiged 
through an outlet situated at a suilieieui 
height to mute a liatmless dispersal into 
the almosplicir ol tadioactive vapouts 

A washing mathine is availalile lot 
washing contaminated tlothing, wlticli 
aie not allowed to go to the noinial 
laundiy. A separate vannun cleaner is 
used for cleaning tiie hot area to avoid 
raising of dust as with normal operations. 

Rcgulai ladiation sinveys of working 
aieas as well as monitoring of ladioaetivily 
levels in air, water and .sewage are carried 
out to ensure that at no stage aie the levels 
allowed to exceed permissible values. 
Records are maintained of the arrival, 
storage, dispensing, use and disposal of 
radioactive materials, as well as personnel, 
area, air and water monilming results. 
Special care is taken regarding the disposal 
of radioactive wastes i including the ear- 
eases or animals used in tadioactive 
experiments) which is done under the 
supervision of the health physicist, 

Visitors arc not normally allowed into 


dm hot aica. Rule-* loi winking in die 
lull lalioraUuv, pntmluirs to be adopted 
m tbr event of an an ideal a. well as the 
prisons to lie imilaiied in am emergency 
aie ptomineitilv dhplused 

thr.it i aie is taken in the vein lion of 
i.aliation woikris 1 liry must be Imlh 
pby sit ally anti mriiullv suited loi this 
ivpcul vvmk 1 bey must have motivation 
.mil inletesi, (Iran vvoiking habits and a 
high sense of lespomibilily. 1 bey must 
Iwvr xullirieiil umlei standing of uuliation 
lia/aids and tbeii (oiiliol. Fur this 
pm pose evriy eutiaut to the Institute 
nuclei goes a ptelirniliaiv oiienlaiiou course 
on puinitial hu/aitlx ■ >( ladiation, main- 
tenauce of uuliation safety and opeialion 
of nucleai eln ttonii imtunneuts lot the 
detrition and ineasiuenient of ladiation, 

Hy Mi it t ubsrivanie ><I utliaiion safety 
(list ijtlme at all levels ol woikels at the 
hot laboiatmy, it has hrru possible to 
keep die ladiation exposuie situation 
exiieinelv satisllu l«uy. Fm iusianee. in 
1 ’Hid die av ei age (lose pci win kei per week 
was O.lHi mrnn as against the HHI nuem/ 
week allowed by the International (Aim- 
mission on Radiological Protection). 
The radiation woikm also undergo 
peiiodica! medical (beck-ups 

li is indeed lot lunate that light in the 
rally stages of the development of milia- 
lion as a vcisalilc tool in man's hands, we 
have come to recognise die potential 
hazaicls associated with die misuse of this 
tool, and developed die techniques for 
(oulrulling it and using il judiciously for 
human adv&iu ement. 



World Biology Project Takes Shape 

Nigel (‘uldo.r 


On 26 July m Pam, I he International 
Biological Piogramme — ‘lhe biologists' 101 
became a definite project when leading scientists 
agreed on its scope and planning Full-scale 
woik may begin in 1967 and will yield basu 
infomation about biological Jnoduiiimty and 
human life in many iegion\ 

W HEN the Special GoinmUlcc fm the 
International Biological Piogiamme 
came into being it was hard to giasp 
that we were witnessing the beginning of 
what should be one of the gieat seicntilic 
advcntiucs of our day, lull of piomise for 
human wclfaic, The hot wcalhei in 
Paris last week-end perhaps contributed; 
every one may have been weary fiom 
the preceding days of working parties; 
the distinguished scientists from 32 
countries were subdued, perhaps, by 
the scale of the task they were setting 
themselves; may be biologists arc simply 
more modest than the phys.cists who, 
a decade ago, were planning the Inter¬ 
national Geophysical Year like men 
plotting to take over the world. Whatever 
the reasons, SCIBP (pronounced 'skip') 
was formally constituted on 25 July in a 
relaxed atmosphere which a casual 
observer might have mistaken for indiffer¬ 
ence, 

Not until right at the end, when 
Professor Jean Baer of Switzerland made 
his first speech as the newly elected 

Reprinted from New Scientist, 23 (402): 260- 
262, July 30, 1964 with the kind permission of 
the editor. 


picsidciti ot SClIBP. was their a sense nl 
occasion He spoke in positive lei ills nl 
the work that lay ahead. 

Tlieic is nothing to lie indilleienl about 
m the concept of the International Biolo¬ 
gical Piogiamme Pour or live years ago 
ii was, to he sure, a prngi amine in seal eh 
of a theme the vague idea of a small 
gtoup of biologists that, if the physicist*, 
could have thoii IGY and achieve so much 
scope in a piojccl whose dirot t benefit to 
mankind was obsnite, why should not the 
biologists organise something similar and 
mote relevant to the piessing problems of 
feeding the exploding populations of the 
wnild? It is only now that the topics and 
chaiactcr of the trsrarrh have been 
decided, after long and .sometimes 
controversial discussions on the panels of 
the. planning committee and among 
interested .scientists in many countries. 
The plan that cmeigcs is one which will 
fill remarkable gaps in mn knowledge ol 
life on our planet and our own species. 

With its theme of ‘The biological basis 
of productivity and human welfare’ it 
will be nfgicai practical consequence, r\ en 
though most of the icsrarrhes proposed 
are. ‘pure' in character. It will give new 
orientations to field biology and, like the 
IGY, it will provide, comparative, quantt- 
taiivc data from many parts of the wnild. 

Professor C! .If. Warklington wrote, 
during the earlier planning phase, in 
New Scientist (Vol. IB. p. 2*1B) r 

All the major civilisations thtmtghoul 
history have lived in landscapes moulded 
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by human activity into systems whu h 
harness, moif t>i less rllirimily. the 
inherent biological productive v.tp.uiiv ««i 
their tciiitory to save tlir demands of die 
human population. One of the most 
basic tasks over mm li of the rat ill's 
surface today, in the ‘developing rnnn- 
Irics’, is that of icniaking the landscape 
into a more jnodtulive Hum. ‘11m not 
only icquncs detailed know-how in 
agiieultural and othet tcrlmitptcs. hut 
should he based on a knowledge of the 
underlying factors whith define w limit the 
potential biological pratltwlivily of the rtnioin 
regions (italics mint). 

The most obvious objection to a formally 
oiganiscd, world-wide study of these 
‘underlying factors 1 is that all the ecolo¬ 
gists, matino biologists, and so on, who 
are qualified to undertake this woik ate 
already busy at it, To try to coordinate 
their activities or mobilise them in a 
common programme, might seem officious 
and even liable to stifle scientific initiative. 
The answer to this objection is that many 
years may pass before random research 
fills in some of the obvious gaps in know¬ 
ledge; or before modern numerical and 
comparative biological methods arc 
extended to places and circumstances that 
vitally need them. 

What are these gaps and what can the 
IBP do about them? Let me mention 
some of the areas of ignorance identified 
by the planners. Itemised, they provide 
a starting reflection of the priorities of 
science up till now. 

What we do not know —As Dr. P.J. 
Ncwbould has pointed out, there is a 
fifty-fold discrepancy m the utilisation of 
the energy of sunlight growing plants, 
between a good field crop (10 per cent of 
the visible radiation being used) and the 


avriagr chdi.il eftu irun, <* 1! pei cent), 
(tin knowledge <<( how the, primary 
romcrM**u rfluiejuv. nn which all life 
depend--, v,uirw urrnidimj in the plant 
spr. irs and wlinr they glow, is frag, 
men!.uv 1 low f,uI mis< mrh.i^Mill,rlimale 
and human tntnveniirat ailed producti¬ 
vity is known in M'Uie detail in certain 
lor aline-,, but tbric ate whole legions 
whrir ntcasutrincnis have Iweu lew or 
inadequate, whrthei wr air min erncd with 
a ‘wild* item ualiiial finest mmtnunily or 
an intensive fanning *>e« lot. M lie pmducli* 
viiy of neat ualiiial c •immunities treated 
by evolution pmvidr* a basts fm assessing 
man's agi iitiltmal point mam e in similar 
euviionmeuis. But null unuu«hlietl sites 
aie being lapidly loM, mi that thrte is an 
uigent nerd both fm measuring their 
pi odut livity and tleleimining lartors and 
hii pi even ing seleeterl sites in all legions 
as ‘outdoor lahmattnirs' lor the vrienlijU 
of the futmr. 

Biologists have been awaie for a long 
time of two basic processes of life whereby 
gases of the air ate made available for 
plant growth. Photosynthesis is one: 
sunlight absorbed by the green chlorophyll 
of leaves serves to make earlmn dioxide 
and water react to form simple organic 
compounds that are. elaborated into ihc 
tissues of the plants. Nitrogen fixation is 
the other, natural ‘fertilising’ process 
carried out by bartetia in the soil and iit 
plant nodules. We do not know in 
much detail how far the efficiency of photo¬ 
synthesis is determined in various orga¬ 
nisms, by genetic and physiological factors 
on the one hand or by environmental 
factors on the other. In tltc case of 
nitrogen fixation, wc do not even know 
precisely what species of organisms are 
responsible for it in many parts of th.fi 
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world, or whether we can enhance this 
naLural fertilisation of the soils by inocu¬ 
lations of suitable bacteria. 

Life m the flesh water and sea water 
of the woikl presents us with a different 
pattern of ignorance. Here research is 
already pretty thorough, although too 
small in scale in comparison with the vast 
areas of rivers, lakes and oceans to be 
studied Theie is, in the case of inland 
water, a need to compare more systemati¬ 
cally the productivity and metabolism of 
running and still water m the main 
climatic regions of the woild (the south 
temperate zone, foi example, deserves 
more attention), to relate biological studies 
to the problems of world water supplies, 
and to coordinate mtci national rcscaich 
on the marine fishes that swim up the 
rivers to spawn (notably those of the 
North Pacific, which breed in Japan, the 
USSR, Canada and the USA). Fresh¬ 
water systems and their interactions with 
the surrounding lands may be particularly 
suitable for study with the aid of computer 
models. The piactical opportunities for 
fanning ponds and rivers arc immense. 



The marine biologists aie busily 
assessing the potential pindurtion of 
protein fiom the oceans, and weir well 
oiganiscd inlci nationally bcfoic the lHI 1 
came along. Ilowcvei, the IBP picpa- 
rations have focussed attention on the need 
for uigcnl investigations of life in those 
walcis most accessible to Ushcimcn <>1 the 
developing eountues—maugiovc swamps, 
lagoons, csLuaries, coastal watets and the 
regions of the continental shelf 

Perhaps the most notable atca ol ptrsenl 
ignorance concerns man himself and his 
many adaptations to different enviton- 
ments. In many impoilant lespccts, we 
know more about some of the lower animals 
than we do about human beings. V\ hat 
aie the patterns of lolciancc to cold, loi 
example, in Eskimos and NegroesWhat 
happens to the individual’s 1 espouse to 
cold, when a Texan bet nines a lumberjack 
in the Canadian north or an Indian installs 
air-conditioning in bis home:’ When 
European Jews go to live, in Israel, how 
do they adapt to the hot climate? Ate 
the ethnic gioups who live high in the 
Andes or the Himalayas physiologically 
filter for thcii environment- in matters ol 
respiration, blond, physique and work 
capacity—than, say, visiting mountaineers? 

Apart from these adaptations to extreme 
conditions of cold, heat and altitude, there 
is a striking lack of information about 
fitness, growth and physique m most 
human populations. Hmv does capacity 
for work vary with age and sex for 
example, among subsistence livunets who 
can barely scrape, a living '? Wlrnl 
happens to people of different etlm'n 
groups when they exchange a vigmous 
life for alike, walk? How does an 
Olympic athlete differ fiom his fellow 
countrymen? Among the children of the 

An aerial photograph of pint of Jordan sshli notes 
of vegetation and range tvjies. Aerial photographs 
may provide a rapid method ol Inoadlv rlavalyimt 
ecological .systems doling the International ltiologi- 
cal programme. 
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wolld. Cdii we define dir i nmicriitm-. 
between Munition. envnonmenl and 
ethnic giouptugs on the one hand and 
giowlh, age ol adolescence and vhnlastb 
achievement on the othet 

Another, t elated vei ol questions 
eonccins human herrdil) Blood gimip 
patterns and othei easily deieitnined 
t haraeiers vaty from place to place and 
from one ethnic gioup to anothei. ptovitl- 
ing a tough pic line ol human genetics in 
action and of hou populations ate 
changing. Selected communities can hr 
studied in mote detail to slum the 
influence ol hemlil) on disease and 
fertility and wlnit the effects sue ol 
isolation and inbreeding, and of tacini 
inlet mat riage. AVe do not yet midci stand 
how many ol the human genetic cluuac- 
icus in various pails of the wot Id have 
been influenced by pressittes of natuial 
selection. 



What happens to people of primitive tribe when 
they become ''modernised 1 ’ like this Australian 
aborigine at work in a garage in South Australia 


Finally, within the scope of the IBP 
there are important but neglected topics 


in applied liming-, m whir h Basil inter¬ 
national i ese.itc h i mild pioinpt piaclical 
at lion. In paitimhu. ihne .nr produc¬ 
tive plants ;utr| animals whose use for 
human [imposes lias -taicrly hec.n 
innsideied. l'< « rsample. lltrtuh Medi- 
teriaiican lima mav contain plant specie* 
o| value in simdai tlimatit i nnditiom in 
Atisiialia 01 Latin Amenta. Kvcn more 
exriting ate the 'caiielv nsrel speries of 
die min foiests. which tmglii ptnvide new 
cultivated plants, and the possibilities of 
adapting plants limn one ivpc ol climatic 
legion to aiKithei With such aims in 
mind, their must Be c.urful studies of the 
plants in llieii naliiiul env iromnenis, and 
pet haps Bio-engiiieri ing to lielf) in coil- 
vetting new uti|t» into human food. 
Other needed icscaich of rliieet piaclical 
value includes the iniernaiional tiacking 
ofaii-hume spores and jtests 

llnw to Jnitl thr nmuvn 1 hope I 
luve now shown how wide and piomising, 
and yet clown to earth, is dte a la carte 
offered to the world’s biologists by the 
IBP. It will, of course, be clear that the 
programme emphasises field biolog)', 
rather titan the laboratory investigations 
that represent the mainstream of present- 
day biology. But that does not mean 
advanced techniques and sophisticated 
approaches arc not required. On the 
contrary, with its emphasis on ecological 
research ‘in depth* at selected sites in 
the main regions of the world the IBP 
will encourage the study of living com¬ 
munities as complex systems to become 
an exact, rather than a descriptive science. 
It also provides opportunities of collabo¬ 
ration between biologists and non¬ 
biologists to extend the analysis from 
geology and climate at one end of the 
scale to elaborate human societies and 
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economies at the other. MeLeorologisLs, 
soil scientists and social scientists may all 
have a part to play, as well as workers in 
the many sub-divisions of biology. 

A gestation of two or three years is 
envisaged for the IBP. Some participants 
think this period is too short, in view of 
all the planning and preparation required, 
including agreement on standardised 
techniques of measurement (some of which 
may require instruments still to be per¬ 
fected), training field workeis and writing 
manuals of piocedure. Considciable 
funds—perhaps half a million dollars— 
will have to be found for the preparatory 
work. Thereafter, each country will 
make such contribution as its biologists 
can arrange and obtain funds foi; field 
biology being an inherently ‘slower’ 
science than geophysics, the main pai t of 
the programme is to last about five years, 
compared with 18 months for the IGY and 
two years for the present QuietSunYears. 

The work of SCIBP is broken down into 
technical sections, as follows: 

A. Tenestrial productivity 

1. Ecology 

2. Physiology. 

3. Conservation. 

B. Freshwater ecology. 

C. Marine productivity. 

D. Human adaptability. 

E. Use of biological resources. 

Other groups arc concerned with 

training and public relations and with 
administration and finance. 

The approach and nature of the 
programme varies according to the subject 
matter and the activities of pre-existing 
organisations and laboratories Attempts 
are being made to devise ‘minimum’ 
programme of necessarily superficial 
measurements, with the limited resources 
pf the less-developed countries in mind, 


and much moic elaborate lcsearch ‘in 
depth’ foi the better piovidc.cl countiies. 
It is expected that the developed countiics 
will mount substantial expeditions to the 
network of silos selected for detailed study. 

A note of wanting —The IBP is 
magnificent, on paper. It may lie over- 
ambitious in coneept and liming, but no 
one can deny the need for the information 
it will provide. Nevertheless, the aims 
and procedures of the programme have 
still to be ‘sold’ to the many biologists 
around the woild who will have to do the 
woik and are alieady piesumahly fully 
engaged. The scientific case for the 
programme, and the instiuments and 
techniques which should he employed, are 
by no means as self-evident as in the ease 
of the IGY. So, great leadetship will he 
required from the ofiieets and memheis of 
SCIBP if their venluic, is to lie, hi the 
outcome, as fruitful as it deseivcs to lie. 
In particular, it is going to lie lut'd to 
recruit sufficient taxonomists for idcntily- 
ing the. many species involved in the 
complex communities. Much of the 
lesponsihility vs-ill fall on Piofrssor IUci 
(former President of Intel national Union 
for the Conservation of Nature and 
Natural Resources), the programme's 
scientific director, Dr K.B. IVoilhington 
and the four vice-presidents who join them 
in the Bureau of.SCIBP Professor Stanley 
A. Cain of the. United States, Profrssoi 
C.H. Waddingum of Biiiain, Dr. R. 
Petrusewie/ of Poland and PiofKsoi G. 
Monialenii of Italy, 

Governments and grant-giving uigum- 
salions will also have to he pn waded of 
the need to support the prcpaiatimi of (hr 
IBP and its implementation. The 
biologists will have to lie a good deal lev. 
meek in such matters than they usually 
are, to get their way. 



This Year’s Nobel Laureates in Science* 

R, K. Datta 

University College of Sr it nee & Technology % Calcutta 


A LFRED NOBEL, Swedish enginm 
and chemist, who invented explosive 
dynamite, gave bulk of his wealth to 
establish a prize fund. From the interest 
of this fund Nobel Prizes arc annually 
awarded to persons who have mulcted 
to humanity the gicatcst services during 
proceeding ycats. Five annual awards 
arc made for outstanding eontiihufums 
or discoveries in peace, literature, physics, 
chemistry, and physiology or medicine. 
The awards for 1964 in science subjects 
were announced and the prizes were 
presented in Stockholm on December 
10, 1964. 

Physics 

This Nobel Prize in Physics has 
been awarded jointly to Prof. Charles 
Hard Townes of the Massachusetts Insti¬ 
tute of Technology, U.S.A., and Prof, 
Nikolai Basov and Prof, Alexander 
Prochorov of Lebedev Institute, Moscow, 
U.S.S.R. for their work in developing the 
Maser-Laser apparatus which throws 
light into an intense beam capable of 
cutting metal and performing knifcless 
surgery. 

Prof. Townes who is the University 
Professor of Physics at the Massachusetts 
Institute of Technology was born in South 
Carolina, U.S.A. in 1915. He was 
educated at Furman University, Duke 
University and California Institute of 
Technology. He served as a member of 
technical staff of Bell Telephone Labora- 


toiies, New York Associate 

Pi ofessor of Phydrs at t ktluml tia University 
(19411-50), Professor, Executive Officer 
and Director of various drpai intents and 
laboratories thete U 950-50). Prof. Tow¬ 
nes was also the Director of the Research 
Institute for Defence Analyses, Washing¬ 
ton. Since 1901 he is the Professor of 
Physics and Administrator at the Massa¬ 
chusetts Institute of Technology. He 
taught as a visiting professor of physics at 
the, universities of Pat is (1955-50) and 
Tokyo (1956). He received the honorary 
D. Litt. degree of Furman University in 
I960. As a consultant he is also associated 
with National Bureau of .Standards and 
Brookhavcn National Laboratory. Prof. 
Townes is a co-author of a book entitled 
Microwave Spectroscopy, lit: holds many 
patents on various electronic devices. 
Ilis work since Wot Id War II in electronic 
physics particularly in radio astronomy, 
microwave spectroscopy, atomic clocks 
and theory of relativity has been very 
outstanding scientific accomplishments, 
He conceived the idea of developing an 
instrument to measure lime more abso¬ 
lutely and irrespective of the motions of 
the sun and stars. He called this device 
a MASER, from the initials of its descrip¬ 
tion, microwave amplification by stimu¬ 
lated emission of radiation. This device 
has put the world on an exact schedule 
without consideration of the seasonal 
variations in the rate of rotation and the 
normal slowing down and speeding up of 


♦Refers to 1964 
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the yearly revolution of the earth An 
important extension of MASER lias been 
the development of the LASER (light 
amplification by stimulated emission of 
radiation). These continuous beams of 
light have been used to improve methods 
of radio and television transmission, to 
maintain telephone conversation without 
wires, and to perform knifeless surgeiy. 
In May 1962 scientists used LASER to 
flash a beam on the moon, the first time 
man illuminated another celestial body. 

Chemistry 

Dr. Dorothy Hodgkin (nee Crowfoot), 
Wolfson Research Professor of The Royal 
Society, London, since 1960, who has been 
awarded this year’s Nobel Prize in 
Chemistry for her outstanding contribu¬ 
tion in respect of varied application of 
X-Ray crystallography in the elucidation 
of structures of complex organic molecules 
and specially of vitamin B w or cyanoco- 
balamin, was born in 1910. She had 
her education at Sir John Leman School, 
Bcccles, and Somerville College, Oxford. 
She received the honorary degree of D.Sc. 
from the Universities of Leeds and 
Cambridge. She became a fellow of the 
Royal Society, London in 1947 and 
received the Royal Society Medal in 
1957. She is associated with the Uni¬ 
versity of Oxford as a Reader in X-ray 
crystallography. 

The isolation from liver of a red 
crystalline compound having therapeutic 
activity in the treatment of pernicious 
anaemia was announced in 1948 by investi¬ 
gators in the U.S.A. and U.K. The 
compound, previously known as anti- 
permcious anaemia factor, is now called 
vitamin B or cyanocobalamin, the latter 
nomenclature being based on the presence 


in the molecule oT a cyanide ion in rn- 
oidinatc linkage with a cobalt atom. 
Through a systematic chemical dcguvl- 
atinn and X-ray eiyslallographir studies 
earned out by Dr. Hodgkin and hei associ¬ 
ates the complex siitietuic of this vitamin 
has been elucidated. Dr. Hodgkin, by 
X-iay analysis of salts of penicillin, showed 
the presence of a beta-laetam ting in this 
antibiotic. Similarly she conti ilmled 
much towards the confirmation of the 
structures of vitamin D, .xlilbesUol and 
licxostrol. 

Physiology and Medicine 

The Nobel Prize in Physiology and 
Medicine has been awauled jointly 
to Prof. Konrad Bloch of the Harvard 
University U.S.A. and Prof. Feodor Lyrien 
of the Institute fur Zelhhemie. an drr 
DeulschcnForscliungsanstuU furPsyrhiati ie 
(Max-Planck-Institul), Mimirli, Gn- 
many, for their outstanding drmnmtia- 
lion of the. pathways of cholrsinot 
biosynthesis and fatty acid oxidation res¬ 
pectively. 

Prof. Bloch, Higgins Professor r»i 
Biochemistry at the Ilamud L’niveiMiy, 
was born in 1912 at Nrixs in Get many. 
He studied Chemistry at TeelmiM lie 
Hochschnlc at Munich. In 1936 he left 
Germany and went to the United Stairs, 
He joined the Columbia UnivriMiy and 
obtained the Ph.l). degicc in BinchcmEtiy 
(1938). He saved ihne as an iiistnx tm 
and research associate in Bitwhrmiuiy 
(1941-lb), Next Dr. Blurb joined the 
University ofClucago as Assistant Piofet.au 
of Biochemistry and lain became m 
Professor. Since 1954 lie is at the Hats art! 
University. Cholesterol is ,» fat-like 
substance found in all animal fats and 
oils, and in many tissues of the human 
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body. Dr. Bloch dcmomtiated that this 
substance is formed within the body ftorn 
smaller substances. Carbon atoms ni 
acetate molecules arc used as building 
materials for the complex cholesterol 
molecule, The transformation of acetate 
into cholesterol molecule takes place in 
stages in the body. According to the 
findings of Dr. Bloch the pathways of 
biosynthesis of cholcstciol may be visuali¬ 
sed as: Acetate-}(isoprenoidunits)->squa 
lene-4lanosterol-}2ymostcvol->cbolcsterol, 
The credit of Dr, Bloch lies in levealing the 
whole sequence of events in the biosyn¬ 
thetic mechanism of cholesterol in animal 
and human bodies. Among other remark¬ 
able contributions mention may be made 
of his demonstration of the conversions of 
cholesterol into bile cholic acid and into 
pregnandediol, a female sex hormone. 
He also added significantly towards the 
understanding of the biosynthesis of fatty 
acids in animal fats from smaller mole¬ 
cules. 

Fats and oils are chemically made up of 
fatty acids and glycerol into which the 
ingested fatsjmd oils arc broken down in 


the intestine. Biological fatty acids have 
usually Miaight chains and an even 
mimbn of carbon atoms ranging from 
four to eighteen. Tissues in genrial break 
fatty acids down to two-carl mu units by a 
process known as bna-oxidation. This 
break-down pmrew lias been shown by 
Dr, Lynen along with others intake place 
in steps, Ife proposed a scheme called 
fatly acid cycle or spiral involving the 
role of an important biochemical known as 
coenzyme A. Arcouling to Dr. Lynen’s 
scheme the fatly acid fust forms a eoenzyme 
A-clcrivative and thereupon libeiates a 
two two-earl ion unit and fin ins an acid 
derivative with two ratbon atoms less than 
the starting fatty acid. This shorter fatty 
acid chain immediately undergoes the same 
break-down sequence in a second cycle, 
again liberating a two-carbon unit and 
so on, The two-carlmn units ate finally 
broken and changed to earhon dioxide, 
'The break-down of fatty acids through 
these processes provides energy to the body, 
The synthesis of fatty arid chain from 
smaller units, Dr. Lynen indicated, takes 
place by the reversal of the break-down 
process. 



The Earth and the Apple 

V.V. Narlikar 

Chairman , Rajasthan Public Service Commission , /(/wer 


T HE mathematician, W. Bolyai, 
expressed the wish that an apple 
tree should stand over his giave. not on 
account of the apples of Eve and Paris 
which made hell out of earth but on 
account of that of Newton which elevated 
the earth to heaven. 

According to the historian, F. Cajon, 
this was said in the 19th century. 
Newton’s apple is very much in the minds 
of physicists once again and very much in 
the press now 

It was Newton’s genius to connect up 
logically farflung matters like the fall of an 
apple to the earth with the motion of the 
earth about the sun and of the moon 
about the earth. It matters very little 
whether the celebrated apple actually 
existed or not in material form, and 
whether it was seen to be falling by 
Newton m his village in 1665 or 1666. 

In the story of the apple and the cai th 
as told by Newton, we have the earth as 
of mass m and the apple as of mass m 1 and 
we have also the constant of gravitation G. 
According to Newton’s law of universal 
gravitation each was attracted by the 
other with the force F^rnm 1 G/r a where 
r is the distance between the apple and 
the earth. When Newton was asked by 
scoffers and doubters how this miracle of 
attraction occurred he gave the cele- 

Summary of the lecture delivered by V.V. 
Narlikar at the Regional College of Education, 
Ajmer on 18-8-1964- 


brated answer hypotheses non Jingo meaning 
thereby that he did not deal in conjectures. 

The mouths of the scoffers and doubters 
were stopped by the extraordinary success 
that Newton’s themy achieved in predict¬ 
ing the motions of comets, planets and the 
other celestial bodies of the solar system. 

In the 20th century the doubts reared 
their ugly heads again. Einstein's theory 
of gravitation was horn in HUf). In the 
new sLoiy of gravitation as revised by 
Einstein the old friends in, m l and (1 
appear intact. But the. absolute, space 
and time arc replaced by a new frame¬ 
work of curved space and time, ami the 
field laws oflici c-thus-now relations replace 
the miraculous distant action of Newton’s 
theory. 

At the. outset the theory arhieved 
tremendous success but soon inner 
imperfections were discovered which 
could not be removed in spite of the best 
efforts of Einstein and other relativists. 

And now, in 1964, when Hoyle and 
Narlikar** were, busy with the problem of 
the anow of lime in electrodynamics and 
cosmology, the problem of Mach's piineb 
pie and the steady slate iheuiy and the 
problem of guivitationul collapse in 
quasars and the (Mields, they saw giavi- 
lation in a new light, 

Why Newton and Einstein had failed 
to achieve their objectives was that they 

Narlikar (See .School Seu v , 3 ,4,; 

December, 1964) 
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ll.nl taken m as the jntiitwir pi npei ty of 
the e.utli and m 1 as the intiiiiMr pmprilv 
uf the apple and C as an rmpnk'al 
constant. Following Mach's philosophy 
and reinterpreting the significance of 
Foucault's pendulum on the background 
of the Mans, Hoyle and Xatlikar were aide 
to show lmw the earth and the apple owe 
their masses to the rest of the universe 
and how from the piinciptc of stationary 


admit applied in tin* «onnrt turn imt only 
eqiiiiimus nmir geueial than Einstein's 
aie obtained hut the sdiem impeifections 
in Einstein’s tlieoiv ate icinoved, The 
(distant C itself with the appropriate sign 
is rleiiveth 

Tints we have now the latest vnsinn of 
the story of the earth and the apple. You 
can no longer divorce the earth arid the 
apple fiuin the. rest of the universe, 


NGERT 

PUBLICATIONS IN GENERAL SCIENCE 

General Sclcnce~>Handbook of Activities: Clauses VI—VUI 

Pp, 458; illustrations 448; June 1954 

Price: Rs. 9.50, Foreign: 22 sit. (id or $ 3,42, 

A guide book to teachers to develop concepts in General Stimee (lirougli pupil 

activities, 

General Science Syllabus-Classes I—VIll 

Pp. 134. May 1963 

Price Rs. 2.25 Foreign: 5 sh. 3d or 81 cents 

The concepts arc grouped under 13 units. 

Copies Available from : 

The Chief Publication Officer 

National Council of Educational Research and Training 

114, Sundar Nagar, New Delhi-11 

or any Approved Sales Agent. 


Science Clubs in Kaira District 


J J- Patel 

Coordinator, Extension Services, Secondary Teachers 
College, Vallabh Vidyanagai, /hand 


T HE pace of scientific pi ogress is 
veiy rapid and the young student of 
today and the teacher have to adjust 
themselves as quickly as possible. The 
crowded syllabi and the foimal atmosphere 
in the classroom hardly provide the 
opportunity for that cieativc thinking 
which alone will make for progress and 
new discoveries. 

To supplement this shoitcoming of the 
science syllabus Science Club movement 
was initiated in the country. The cieativc 
activities of the science dub would 
provide enough experiences to the pupil 
and equip him for a better living in the 
society. 

Schools of Kaira District are awake on 
this front and a number of schools have 
started Science Clubs. It was thought 
worthwhile to take stock of things as they 
are, so that, the hardships experienced 
may be overcome, requirements be 
fulfilled and future plans developed. 


viz., objectives, activities done and activi¬ 
ties planned, budgetary provision, member¬ 
ship, selection of mcmbcis, sponsors' 
qualification and experience, etc. 

Only 115 replies weic received re¬ 
presenting a pcieentage of 7(i. Out of 
115 replies, 47 questionnaires were duly 
filled in, 27 had not started Science Clubs 
as yet, but they wish to start these in 
their schools in due. course; 3H .schools did 
not mention anything in their letters 
except that thcic is no science club in 
their schools, 3 schools had established 
and do not want to start any, 37 schools 
did not respond at all. 

Thus about 31 per cent of the schools 
in the disliict have already Marled science 
clubs in their schools while about 17 
per rent desire to establish the. same. 
This shows that the schools of the district 
arc conscious of this activity and there 
are future prospects, if proper guidance 
is given to them. 


TABLE I—MEMBERSHIP 


Standards 

VIII 

IX 

X 

XI 

TOTAL 

Boys 

34(i 

4 tit) 

•S7(i 

3(.<t 

1751 

Girls 

.91 

109 

12*1 

49 

371) 

Total 

437 

Mi!) 

705 

4 Jit 

2124 


In order to study the situation a It can be seen that more boys are 
questionnaire was issued to 152 secondary mcmbcis of (he science clubs as tom- 
schools of the district. Questions were pared with girls. The highest number of 
on the various aspects of the Science Club, pupils are members in standard X. Tire. 
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number is inci casing limn standard VIII 
tn X, and in XI, the membership declines. 

Xumbn of Mmbcis 

Following is the disliibution or .semes 
covered by each school. 


We tan say fitnn Table III that most of 
die membeis continue their membership 
throughout schooling. 

I -1 name 

The next rjueiy was icgardiitg the aid 


TABLE II-STRENG1H OF MEMBERSHIP 

Membership strength 101-200 131-140 101-110 71-HO 1,1-70 51-00 41-50 .11-10 2b,W 11-70 MO 
Number of schools 1 2 1 2 2 4 7 4 ft 3 


Some schools do maintain a large 
membership but tlic genet al tendency is 
not to exceed 50 which seems to he a 
manageable group. 

Continuity of Members 

Regarding the continuation of the 
members of the science club throughout 
their schooling, 30 .schools responded 
favourably, 8 in the negative, while the 
test 9, either did not tespond or icspotidcd 
vaguely. This shows that in majority of 
the schools pupils continue their member¬ 
ship throughout their schooling. This is 
a good sign, as the pupils’ continued 
interest is likely to make for good progress 
in the clubs. It may be also due to the 
fact that these members need some extra 
activities to supplement the syllabus in 
general science which now docs not 
satisfy their needs. 

Table III will show the number of 
pupils in percentages who continue their 
membership throughout their schooling, 
This data represents the position in 24 
schools, the rest have not given their 
answers to this question. 


from the CrniralOnvcinmcnt. Surprisingly 
rveiybody irsptmded to this query in the 
negative. It is lather difficult to say 
whether the schools aie in the know of 
this kind of help. About 22 schools say 
that the budgetary provision lias been 
made by the school itself. The expenses 
vary fiom Rs. 25 to Rs, 300. 

Selection of Members 

'I'hc ciitciia of selection of members 
given by the schools are. as under: 

TABLE IV- OR l1KR1A OFSELECTION USED 
BY DIFFERENT SCHOOLS 


Criteria No, of 

schools 

Those having in [errsl in science nr 23 

having scientific aptitude or ability. 

All who wish to join .. 8 

50 % or more marks in science .. 4 

Spirit of extra work ,, .. 3 

Pupils from standard IX & X .. 2 

General knowledge in science .. 2 

On the basis of test results ., .. 2 

Fond of reading book# .. .. 1 

Those, who know drawing ,. .. 1 

Science teacher's opinion ., ,. I 


TABLE III—PERCENTAGE OF MEMBERS WHO CONTINUE AS MEMBERS 
Percentage or members who 

continue .. .. 100 90 80 70 60 50 40 30 20 10 

Number of schools .. ,,10 — 3 3 _ 3 2 2 _ 1 
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Mosl of the schools select their members 
oa the basis of interest or aptitude or 
abilities in science. It is not known how 
they measure these mental abilities. The 
second criterion is based on the exami¬ 
nation marks in science. 

Qualifications and Experience of Sponsors 

As regards qualifications and experiences 
of the sponsors of Science Club the 
position is as under 

TABLE V—QUALIFICATIONS OF 
SPONSORS 


Qitaltfieatwns 


No. oj 
sponsors 

B Sc., B.Ed 


33 

B Sc , S.T.C , 


4 

B.Sc. 


3 

B.Sc failed 

■ • 

1 

Undergraduates 


3 

L. PH. M.A. Ed.B, (Glasgow) 

■ 

1 

B.A., S.T.C. , 

• 

2 

TABLE VI—TEACHING EXPERIENCE OF 

SPONSORS 

Experience in years 


No. »/ 
teachers 

32—33 


1 

30—31 


1 

28—29 


1 

24—25 


1 

20—21 


1 

14—15 


1 

12—13 


2 

10—11 


2 

8—9 


(i 

6—7 


<1 

4—5 


7 

2—3 


3 

0—1 

, 4 

4 


Experience of 8 sponsors have not been 
given by the schools. Most of the 


sponsors are trained science graduate 
Only 6 are either trained ai is graduate 
or undergraduates. In a nujoiily c 
cases their expeiicnccs cover the seoi 
from 4 to 9 years which is quite good. 

Qttalificalums and Experience of Ilef/ms 
Similarly the qualifications and th 
experiences of those teachers who lun 
been associated with this activity aiegivc 
below: 

TABLE VII- QUALIFICATIONS OF 
HELPERS 

Qualifications A«. i 

kik her 

B.Sc., I).Ed. .. .. .. 31 

B.Sr., S.T.C ., . I 

U.Sr. (Agrl.) Untrained Seirnic ip ad wan ■> 

B.Sc. 1 

M.Sc I 

Trained arts ginduiilrs . T 

B.Gom., S T.O. 1 

Trained nr unnamed mult r graduates 
oi malriculales .. ,. ,t 7 i 

TABLE VIII EXPERIENCE OF HEIFERS 

Experience in years Aw. < 

kathtri 

2-1 -2; . , [ 

an -2i . 2 

1*1- is . t 

vi n . j 

ui li « 


it » , 

n-7 it 

4~n it 

2 —in 
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SC'HOOI 


M I! NCI 


Micl of the asMinatrcl teachm .tie 
Uained science giatlualfv. Out of the 
rest 2H aie nntrained .srtorur giaduairi. 
This is also a fauly good pielme. But. 
when we turn to cxpei ienccs of tlicse 
teachers, majoiity seme lictween nil to 3 
yems only. It seems Fiom the above 
Tables that there may lie a move to 
associate a fresh teacher as a helper to the 
experienced sponsois and give them 
enough experience, and tunning in the 
conduct of science club 


'Ilie aetkuirs rallied nut in the year 
l%l-62 and planned lm the year 
l%2-63 do not dilfri ninth and the 
tencirm y is the inrirase m the number of 
schools for die same activities, lhctcis 
nothing new in (he activities planned for 
the next yeai. 

7 irue Devoted In Stieme Club 
Generally the membeis of the club 
meet for one hour in a week. The study 
showed that the membeis meet mostly 
after school Unuis. 


Activities of the Club 

The activities which the clubs carried 
out during the year 1961-62 ancl the 
activities that have been planned for the 
year 1962-63 are shown as under: 

TABi.it ix-- activities; of tiie cum 
DURING ISHSI-M AND l%2-«3 


Activities 

So. of schools 


I3BI-B2 

JU02-II3 

Chavis and instrument 

making 

20 

24 

Tours anti excursions 

to 

17 

Magazines 

II 

S 

Exhibition 

7 

14 

Library reading 

ti 

8 

Recording 

t) 

4 

Lectures from experts 

5 

11 

Question box 

5 

7 

Collection 

5 

8 

Paper cutting 

Preparation of tooth powder 

3 

4 

etc. 

3 

3 

Debating 

3 

2 

Project 

3 

9 

Discussion on topics 

2 

1 

Gardening 

2 

2 

Museum 

2 

2 

First aid 

2 

2 

Experiments 

2 

-- 

Films 

2 

— 

Plealth, hygiene 

Biographies or handbook of 

1 

1 

life histones 

1 

5 

Science news 

1 

— 


Objectives oj the Science Club 
The head of the schools wete asked to 
give their opinion on the main objectives 
of the club. 


TAIll.r, X TDK I-KI.QtT.NGY OF 

ottjwrnvhs 


Jkicrijtlvm of the ob)tflt.a 

An of 
schools 

in devrhip creative ability of pupils 

26 

To make pupils sriemr-minded 

20 

To develop in pupils the wientifie 
approach towards things ami 
hapix-nirigs .. ., 

24 

To prepare for an exhibition 

8 

’Ft) develop in pupils ket-n eye lor 

observation .. 

16 

To equip the science laboratory 

3 

To develop in pupils interest for 
reading, etc. 

6 

To develop an ability for research 

8 

To raise the standard of teaching 
general science 

5 

To enable the pupils to understand and 
appreciate the work of science 

7 

To acquaint the pupils with the recent 
progress of science 

12 

To enable the pupils to apply their 
knowledge or science in certain life- 
situations 

iB 
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They had to encircle their objectives 
they thought were the most important. 
In all 12 objectives were given to them. 
Space was also provided for any other 
objectives to be added if any one wanted 
to. Table X shows the number of 
schools against the objectives which they 
have encncled. 

The first three objectives and the last 
one are selected by majority of the schools. 
But more or less all the objectives have 
been considered to be important by some 
schools. 

Two schools have added two more 
objectives; 

1. To enable the students to think 
more and observe deeply and 
thus to widen their knowledge of 
general science. 

2, To give ample scope for handling 
the apparatus and thus improving 
practical skill. 

Mere Activities for the Science Club 

Seventeen activities which they can 
take up for their science club were given 
to them. They had to tick off only those 
which they can take up. The following 
Table represents the number of the activity 
and in the other row the number of 
schools who have opined to take up; 


TABLE XI—FREQUENCY OF THE NEW 
OBJECTIVES '10 BE TAKEN IT 

Activities .Vr/iw/i 


Fust aifl 
File fighting 

Impiovr and maintain clri lnc Imrs 
Give instiuclion lit tltr public nbmil 
black out 

Aii laid piceautiow 
Hygiene of the village or pmu! 

Food pi mention 
Kitchen gaidening 
Poultry farming 
Health, hygiene 
Nursing 
Plumbing 
Radio repairing 
Cycle repairing 
Wood woiking 
Lathe working .. 

Assembly ofdillhnit pails nl an 
equipment ., 


r> 

n 

I! 

<1 

2 '» 

I'l 

11 

it 

2l» 

fi 

I) 

:t 

M 

? 

li 


It is just possible that these activities 
require certain tools and the schools may 
not be in a position to supply them, Also 
these activities require a tiaiued prNinnrl 
specialized in these, pat titular bunches, 
This may not be possible for the schools t*» 
offer. 

The list of activities suggested is by no 
means comprehensive and a study of the 
activities that the clubs can take up with or 
without special aid, requites to lie studied, 




Around the Research Laboratories in India 


Central Electrochemical 
Research Institute 


T HE Central Electrochemical Research 
Institute, one of the National 
Laboratories, was established in Karaikudi 
in 1953 due to the pioneering efforts of the 
late Dr. J.G. Ghosh, the late Dr. S.S. 
Bhatnagar, and by the generous donation 
of land and money by the late Dr. Rm. 
Alagappa Ghettiar, a noted business 
magnate and philanthropist of South 
India. The foundation stone of the 
Institute was laid in July 1948 by our late 
beloved Prime Minister Shri Jawaharlal 
Nehru, whose enthusiasm and inspiring 
guidance have played no small part in 
the establishment of this Institute. The 
Institute was formally declared open by 
the then Vice-President of India Dr. S. 
Radhakrishnan in January 1953. It 
started active research soon after its 
opening when Dr. B,B. Dey joined as its 
first Director. After the retirement of 
Dr. Dey, Prof. K.S.G. Doss took charge 
of the Institute in February 1957. 

Electrochemical research is alive with 
great potentialities which may unfold 
novel techniques, improved methods and 
new materials and thus serve the cause of 
industry in the country to a great extent. 
This is especially true in the present context 
of national planning when more and more 
thermo- and hydro-electric projects are 
being established on a country-wide basis. 
The Institute since its inception has been 
contributing its mite to the industrial 
advancement of the nation by conducting 


research in the fast expanding field of 
electrochemical .science and technology, 
One of the main objectives of the Institute 
is the evolution of processes and conditions 
for the effective utilization of indigenous 
raw materials. The decennary celebra¬ 
tions of the Institute were held recently 
in January 1964. 

A few of the. major equipments available 
in the laboratory are election microscope, 
spectrophotometers, X-ray diffraction 
unit, rectifiers, precision potentiometers, 
elcctrochcmograph, and universal micros¬ 
cope. 

'Flic work in the Institute is organized 
under the following sections: 

1. Electro-inorganic and organic 
products 

2. Elcctrothcrmics and fused salt 
electrolysis 

3. Batteries 

4. Electrowinning and Electrode- 
position 

5. Metal finishing 

6. Corrosion 

7. Chemical physics 

8. Fundamental electrochemistry 

9. Electrochemical instrumentation 

10. Survey and information 

Electro-organic and Inorganic Products 

In certain cases, electrochemical me¬ 
thods of preparation of substances have 
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the following advantages ovei the conven¬ 
tional chemical methods: (i) easy control 
of operation (ii) lesser number of unit 
operations (iii) possibility of employing 
low grade raw materials, (iv) possibility of 
obtaining product of desired purity and 
(v) lower cost of production. This section 
has been engaging itself in working out 
optimum conditions for the electrochemical 
production of a number of organic and 
inorganic chemicals having wide industrial 
applications. 

An electrochemical process has been 
worked out for the continuous production 
of cuprous oxide which finds use as a toxic 
ingredient in anti-fouling compositions 
used in paints for painting ship bottoms 
and also as a fungicide in agriculture. 
The process has a patented cell design 
and employs cast copper anodes. The 
process has been leased out to two firms 
in Calcutta, and the firms have gone into 
operation. 

Good quality manganese dioxide is in 
great demand in industrial heavy duty 
cells and miniature dry cells for the army. 
Electro-chemical methods have been 
attempted here for preparing manganese 
dioxide both fiom sulphate and nitrate 
solutions. 

Potassium perchlorate conforming to 
specifications was prepared in our pilot 
plant and supplied to Defence. 

Methods for the preparation of potas¬ 
sium cryolite suitable for Defence purposes 
and sodium cryolite for use in aluminium 
industry have been standardized employ¬ 
ing raw materials like potassium and 
sodium aluminates and byproduct hydro- 
fluosilicic acid from superphosphate 
industry. The know-how has been handed 
over to nine parties so far. The Institute 
has set up a unit with a capacity of 30 kg. 


per day for the production of synthetic 
cryolite at the Guindy Industrial Estate, 
Madias. 

Experimental techniques for the 
preparation of aminnphenol.s (photo¬ 
graphic developers), salieylaklehyde fpei- 
fumc and dye intermediate) and calcium 
gluconate (pharmaceutical; have been 
developed, and handed ovei to industry. 
A two-stage process for the pioduethm of 
dialdchydc starch from tapioca staieh 
available in large quantities in the counti y 
has been worked out. Dialdehyde stauh 
finds use in tanning, paper industries, 
textile industry as adhesive, and as tobacco 
binding material. Suitable piomhurs 
for the prepaialion of brn/aldrhydr, 
tolualdchydes, and benzidines have been 
worked out which are ready for cormuei- 
cial exploitation. 

Eledrolhermics and Fined Sail F.lfcttalysii 

Laboratory scale trials for the pi mine- 
tion of calcium carbide using straight 
unburnt crystalline limestone ami ratlin* 
naccous materials like Baiarre rokr and 
Ncyveli lignite have been carried out. 

An electrochemical promlmr for die 
preparation of anhythous magnedum 
chloride from magnesite and magnesia 
has been worked out. The know-how for 
the production of magnesium from 
magnesite and bitterns is bring worked 
out and production or magnesium mrt.il 
in a 2500 amp, tell is bring attempted 
The Government of Madias have spun 
sored a scheme at a cost of Its. 3.2 hddn 
for the pilot plant dials tut the ptodtit lion 
of magnesium from magnesite. A |000 
amp. cell for the production of sodium 
metal has been fabricated and opeutrd. 
It may be mentioned that sodium and 
magnesium have been produced at the 
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Institute for the first time in India in 
pound lots using indigenously available 
components and locally fabricated equip¬ 
ment. 

A 500 amp. cell for producing 5 11). of 
misch metal in 24 hours lias been running 
successfully, employing mixed lot earth 
chlorides fused with calcium chloiide. 
This cerium-iron alloy is used for cigar 
lighters. 

Batteries 

Sintered plate nickel-cadmium batteries 
are used wherever dependability, high 
rale dischatgcs, good petformance at low 
temperature and ruggedness of construc¬ 
tion are pre-requisites. The technical 
know-how for the indigenous fabrication 
of those cells has been completely worked 
out in the laboratory and different steps 
of sintering, impregnation, forming and 
assembling have been standardized. A 
project to prepare lead-acid storage 
batteries which could give a satisfactory 
performance at sub-zero temperatures 
( —15,5 —17.7°C) with the use of addition 
agents in the paste prepared for negative 
plates is being actively pursued in the 
laboratory, Considerable progress has been 
made on the fabrication of silver oxide- 
zinc cells, mercuric oxide cells, magnesium 
batteries and in the preparation of carbon 
elements for air-depolarized cells. 

Electrowinning and Eleclrodeposition 

The know-how for the preparation of 
electrolytic manganese from low grade 
ores has been worked out on a laboratory 
scale and trials have been conducted on a 
large scale. One of the officers was 
deputed to a firm to set up a unit for the 
production of electronic manganese from 
low grade ores. The know-how for the 


prepaiation of manganese sulphate from 
low giadc ores has also been woiked out 
and a non-terhnirai note has been 
piepaied. 

Chromium plating is extensively used 
in the piotmion of metals against 
corrosion, for deroiutive pmposrs and for 
mitigating weai and noshm. Further, 
chromium plated surfaces reduce the 
tendency of adhesion rtf 'scales* to 
metallic sin faces. The Institute has 
standaulizccl the technical know-how for 
bard-chromium plating of parts used iu 
vaiinus industries, as for example, auto¬ 
mobile parts, like piston lings, piston rods 
for shock absorber, etc., and in steam 
locomotives for injector deltveiy ram 
cones, piston valves rings and piston tings, 
In textile indnstty, pails .such as cotter 
pins, silver plate, draw liames, etc., have 
been chrome-plated for increasing their 
set vice life. 'Flic know-how for hard 
chromium plating has been worked out 
in the Institute and handed over to 
Defence. 

Lead and tin habit alloys arc well- 
known for their use as hearing linings as 
they possess lubrication properties com¬ 
bined with resistance to corrosion. The 
Institute has worked out the know-how 
for lead-tin alloy plating Oil composite 
bearing linings and the technique Inis been 
demonstrated to a firm in Madras, 

Metal powders such as iron powder, 
zinc powder, copper powder, lead powder, 
etc., find use in organic reduction reactions, 
in paints, etc, Suitable methods for the 
deposition of metal powders have been 
worked out in the laboratory and these 
processes were demonstrated to interested 
parties. 

High purity tin is needed in many 
applications such as in the production of 
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Fig, 2. Set-up for the production of Lead Dioxide Electrodes 
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Fig. 3. Set-up Tor the pmduction of Syuthmie Oryol Ur 


F%. 4. Corrosion Testing Farrn at Mandapara 
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bell metal and other bronzes The 
presence of lead impunty m the tin makes 
it unsuitable in the tinning of food con¬ 
tainers and in some bronzes The know¬ 
how foi the electrolytic refining ol sciap- 
rcclaimed tin has been worked out and it 
has been found possible to obtain tin of 
99 9 per cent purity The know-how has 
been released to a firm in Bombay. 

Optimum conditions for the clectiolytic 
refining of fire-icfined copper have been 
established The anode slime was 

analysed foi selenium content which was 
found to be 2 0 per cent. 

The All India Handicrafts Boaid, 

New Delhi, have sponsored a .scheme for 
conducting research and experimentation 
in improved methods of silvci plating of 
copper wiie (30 SWG), golden and uni- 
colouring of imitation jari and gold 
plating of imitation and real jari at an 
estimated expenditure of Rs 27,000. 
Work in this regard is in progress. 

Metal Finishing 

All the aspects of the know-how m the 
anodization of aluminium and allied 

piocesses such as dyeing, multicoloui mg, 
relief design, mottled finish, diicct punting 
and photographic reproduction have been 
worked out and the same is available foi 
exploitation by industry. The processes 
have been demonstrated to interested 
parties 

The know-how foi the cleclioc.liemical 
etching of commercial aluminium for use 
in electrolytic capacitors has been worked 
out. Optimum conditions weie esta¬ 
blished for etching and forming of supei - 
purity aluminium for use as anode in the 
aluminium electrolytic capacitors This 
know-how was given to a firm in Madi as. 
Tantalum clectiolytic capacitois me 
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noted for their small si/e and good 
performance and aic in demand in 
miniatuii/ed clectiome devices Investi¬ 
gations on the development of foil type 
tantalum capacitois me in pingiess 

Common 

The method ol vapour phase lululuiion 
for picseivation of melal stoics 1mm 
corrosion lias been studied and < heap 
dyc-stuir intcimediates like mela-dinum- 
benzene and bcta-naplilliol have been 
successfully employed lor this pin pose 

The conditions ptevading inside weaving 
sheds promote rapid lusting of vauous 
parts of the textile machineiy and e\pen* 
ments eat lied out line have shown (hat 
cadmium plating of putts like wne-lie.dd-. 
dioppeis and reeds ..wlmh < annul lie 
painted) will obviate the need foi lie-pu nl 
icplaerincnt. 

An oulstulion lias been opened at 
Mandapam (lamp lot eat mug out held 
investigations on eouosion nutlet liopnal 
marine conditions. Ivxpnsiue said hate 
also been located in the picun e ol 
Madras Pint Trust to study the pmte« toe 
tiealments to be given under nnlit tu.tl 
maune eonclitions. One mote expo.me 
.station lias been set up ai Madui.u 

A scheme on the imeaigatioii into die 
corrosion ol iciiifoit niient in Rf I1W and 
R(!(!B, sponsoied In the National Build 
mgs Oigaui/ation. New 1 lellu, ha > bm n j» 
progress since Otiobn I, I' o * l \ 
eomprehmsive investigation into dirt on 
dilions mulct which innl“it emeu!. nr.! 
in roofing eoiistnu (ions -how pirmit’i'r 
failure, is in piot;ie>.s. \\oih i anted mi 
so iai indicates that die teutem «ns n t«. 
remforeement width is pininusr t .n# 
cease in he piolritivr it the uun oituti-.u 
of theii stilts iueieasto 
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Chemical Physics 

Lead sulphide photocells air known to 
he quite 1 lifted and their sensitivity 
extends into the infia-ml legion. The 
know-how fni the design and development 
of lead sulphide cells is being woiked out. 

The lubrication of Finrh t>pe election 
tlidiaction raineia undeitaken by the 
Institute' lias reached the stage of neai 
completion and tlie rameia will be shortly 
commissioned. Most of the parts ex¬ 
cepting diffusion pumps, valves and high 
tension equipment were fabiiraled in the 
Institute. The operating voltage of the 
unit is 55 KV. 

Fundamental Rlcclwchcmhlry 

One of the important results the Institute 
has recorded is the general formulation 
for the redoxokinctic effect which has 
been considered as the most elegant and 
general one so far given anywhere in the 
world. Similar ly, the slow relaxation 
effects at charged mcrcury-walcr inter¬ 
faces discovered here not only explain a 
number of obscure phenomena in funda¬ 
mental electrochemistry but also appear 
to be useful in interpreting biophysical 
phenomena such as muscle and nerve 
actions, since slow relaxation effects appear 
to occur at all aqueous charged interfaces, 

Electrochemical Instrumentation 

In chlor-alkali industry it is often found 
that the chlorine produced gets mixed up 
with considerable amounts of hydrogen 
gas leading to serious explosions. An 
improvement has been effected in the 
design of the instrument for monitoring 
hydrogen content of the chlorine gas by 
replacing platinum elements with Ihcrmaly 
sensitive semi-conductors (thermistors) 
having negative temperature co-efficient 


of the mder of 1 per rent. This improve¬ 
ment has several advantages like ease of 
eonstiuetinn, installation and operation 
besides ensm ing high precision. 

An instimnent foi cheeking the polarity 
of dry strange ballet irs has been designed 
and fabricated employing an eleetiorneter 
c iieuit with a Philips 40117 lube. 

In industrial electroplating ii is often 
necessary to determine the thickness of 
electroplates for rontml pm poses. A 
simple, reliable and precise method for 
this has hcen developed based cm anodic 
stripping. The solutions suitable for the 
usual industrial electroplates have been 
worked out. Another novel technique 
based on the impedance change of the 
stripping cell has also been developed for 
determining the thickness. In this 
method, a small well-defined area of the 
electroplate is dissolved otil by passing a 
constant current in the system containing 
a suitable stripping solution. 

An instiumenl for detection of corrosion 
of mild steel reinforcements in buildings 
has been developed using a method based 
on the wide difference in the magnetic 
permeability of the icon piece, and that 
of iron oxide embedded within the 
reinforced concrete. 

An electronic null indicator using glass 
electrodes has been designed which ia 
conjunction with external potentiometer 
and galvanometer can make, precise 
measurements of pH of solutions. 

Future Plan 

Some of the impmtani and modern 
fields in which the Institute proposes to 
undertake research are (1) fundamental 
and applied aspects of fuel cells, (2) pro¬ 
duction and application of metals like 
aluminium, manganese, titanium, mag- 
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nesium, thonum and cerium, which are 
most important ftom the point of view of 
India’s economy, (3) solar battei ies, 
(4) electrolytic devices, (5) photocells, 
(6) electioluminescencc, (7) ferrites, (8) 
ozone, (9) Cottrell precipitators and (10) 
perm-selective membranes. 

Rejieshei Courses 

' The Institute conducts refresher courses 
in electroplating, corrosion and its 
prevention, and storage battery techno¬ 
logy every year for the benefit of industrial 
personnel and persons from government 
and non-government organizations. The 
Institute’s library has over 15,000 volumes 
on subjects relating to electrochemistry 
and allied-branches such as physical 
chemistry, metallurgy and chemical 
engineering and over 300 scientific 


pciiodicals i dating to the above uic being 
received. The Institute is a Patent 
Inspection Oeiilie from 1957 and the total 
number of patents available air o\ct 
19,000. 

7 ethnical Aid lo Indushv 

Technical aid Lo intlnsliy is bring given 
by answering enquires and sometimes by 
visiting industry lot on-the-spot exami¬ 
nation of the problems and giving advice, 

Holding seminars in eleetioehemistiy 
has become an annual feature of the 
Institute and these seminais air well 
attended by eminent scientists hum 
universities, industry and other irseaith 
organisations both from India and abroad. 
The Institute participates in many of the 
exhibitions organized in the country. 


Tire you looking for ? 

Equip your Laboratory with up-to-date and Quality Scientific Appaialus 

We specialize in : 

All kinds of Scientific Apparatus and Laboratory Equipments 

Also supply 

Gas Plant and Laboratory Furniture 

PROMPT DELIVERY & SATISFACTORY SERVICE 

Please ask /or 

EASTERN SCIENTIFIC CO. 

Works 3CA, Bclcghata Main Road, Calcutta-10 


City Sales Office • 4, College Street, Calcutta-12 
Gram ■ CAVENDISH. 
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Classroom experiments 


Experiments on Germination 


1. Weigh 10 g. of bean seeds and 
let them .soak in water for 24 hours. 
Observe what happens to the 
seeds after soaking. Wipe the 
seed with a dry cloth and weigh 
again, Do you find any increase 
or decrease in weight ? Explain 
the difference in weight. 

2, Take a thin-walled bottle and 
fill it half with pea seeds. Fill 
up the rest of the space with 
sand and water. Close the bottle 
with a cork tightly and lie with 



to a toik disc with the help of 
two needles. One seed should 
have the war wheie the stalk 
was attached lacing downwards 
and the other seed must have the 
sear lacing upwards. Float the 
disc in a dish containing 
a little wain. Keep it aside, 
Obseivc which seed swells more 
and reason why. You will find 
that the seed which lus the scar 
under the surface of water is 
swollen more, ihcirby indicating 
that the seed absoihs water through 
a liny hole near the sear (Fig. 2). 

'I. Place a few swollen bean seeds 
in cadi of two (lower pots filled 
with good garden soil. Place one 
pot in a warm room and another 
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salt) Observe which seed germi¬ 
nates first. Seeds m the warmer 
room germinate faster than those 
in the cold flower pot. 

5. Smear molten wax over a few seeds 
and try to germinate them, Do 
they germinate ? The seeds will 
not germinate because they have 
no means of contact with the 
external air 

6 Take three well grown bean seed¬ 
lings. In one retain both the 
seed leaves (cotyledons), in the 
second remove one seed leaf and 
in the third remove both the seed 
leaves. Place them in test tubes 
containing distilled water as shown 
in the figure Observe which 
seedling glows better. You will 
find that the seedling with both 
the cotyledons grows lbi some 
time, while that with one coty¬ 
ledon grows for some time only 
and the third seedling with no 
cotyledon dies very soon. This 
shows that the seedling gets food 
from the cotyledons (Fig. 3). 

7. Place a few germinating seeds 
in the dark and observe. You 


will find that the seedlings do not 
turn green. They will be pale 
yellow. 



log.') 


'I he above txpamtnlf show that fm 
gemination of seeds, water, warmth, air and 
light me neu\wy. 


s, DORAimui 




Superconductivity 

Aii* Dr Koo! 


T HE .Spring of l'Hi',! saw the "mth 
anuimsaiy nt‘ (lit* distmeiy el 
one of (.lie stmngcst physic;il phenomena, 
a discovciy made in the famous labmu- 
tory of Ptofeswn Kamrilingh Onnes in 
Leyden, Holland. “I he phenomenon was 
superconductivity, suid it ts in this day 
still so strange that no scientist would pir- 
stirnc to liave completely explained a. 

Superconductivity, (iisl disrnvned l»y 
Prof. Kamcrliugh Onnes in l‘112, means 
that a maletial has no clecliical i exist,nice 
whatsoever, and this condition occurs at 
very low temperatures (those close, to the 
absolute zeto, viz. -~'27T Cleniigiade or 
— 523° Fahrenheit). Cut rent genet alcd 
in a ring of superconductive material con¬ 
tinues to travel without any loss of fin re. 
This situation opens up a field of applica¬ 
tion for superconductivity in the memory 
compartments of computcis and similai 
instruments. Such a 'memory' could 
be built up from superconductive rings; 
cimcnl introduced in one direction would 
continue to flow without obstruction, and 
thus data coded by way of this direction 
could be retained for virtually an unlimi- 


(ril pm*-*l. 1 im dips >uh, however, 

hr, in du* l.n i da.it t( j* n<a vri powibfe 
Im ri .t|(i>mn all’. < and in.out,nil tk 

leqnilrd i>Av trjiipri.itmr lit H'Ltivtly 
laigr ’.pa*r-. Nf.mhilrn all nuuiufo 
minx ui l,m;r rSn noun > ah nlating and 
allied in.uhiiir, air rsUnurK intcrmitd 
and hasc ipalHnlK avail* - *! ihcuuctvfi 
uf itppnitiintltrs to < o«iijiCiair with l)irstaff 
of the la!tinat<a\ vvhrie this intmetK 
distovciy was made. 

*1 hr Kamei liugii Oiuirs Laltuialory isi 
vetitable Met i,i fm ilma* mtemted in fit 
pet intents at extremely low temperature* 
Thisis no new situation; I'm Imutent years 
the lalim.uoiy was the only one in tltc world 
in which liquid helium could hr* manufac 
lured; in other woids the only one in 
which conditions.! mild be pioduml which 
were neeessaiy liu lengthy tests at tempt 
ratines at which the movement of molecules 
and elections weir viitiially I nought to a 
standstill. It is nm surprising that gi«ti 
scientists such as Madatne Cmic and 
Ilcnri Bequercl could, in their day, be 
seen woking ihn e, ‘1 hey came t» see their 
fellow Nobel Prize winner Kamcrlingh 

By C lour levy of the Ropl 


Reprinted from a tape recording or a talk on Radio Netherlands. 
Netherlands Embassy, New Delhi. 
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Fig 1 ICamcrlingh Onncs (lcfl) willi Ins helium 
apparalus, 1908. 


Onncs, to whom the honour fell in 1913. 
Of all gases, helium defied attempts to 
liquify it the longest. All over the world, 
scientists had reduced all other gases to 
the liquid state in order to study their pio- 
perties from a new angle. It was not 
until July 10, 1900 that Kameilingh 
Onnes succeeded in conquering helium. 
Part of his scientific arsenal was a huge 
magnet which helped the final experiment 
forward and downward, hundredths of 
a degree in temperature at a time. As 
soon as liquid helium had been produced, 
Kameilingh Onncs began to encounter 
its remarkable properties. He discovered, 
for example, that if liquid helium were 
placed in a glass tumbler it crept along 
the sides and escaped; m olhei words it 
‘climbed out of the glass’. Like all 
other fluids, liowevei, helium possessed 


the propei ly of lcmaimng at cvapoiation 
tcmpciatiue until c\ apoialion was com¬ 
plete (water boded in an open vessel will 
not exceed 100° C!.). 'Ibis meant that 
liquid helium was a lii si < lass sum re of 
low lempeialiue and that with it all 
manner of experiments could be tamed 
out on a wide lange ol inaleiials at tem¬ 
peratures never achieved. Keen at this 
time a tliccuy existed in icgaicl to the 
bchaviom ol electrical conductnis at voi) 
low temperatuics. The piopagadon ol 
current in conductors icsulls 1mm the 
fact that the particles smrounding the 
nuclei ol the atoms aie ldatively ‘loose’ 
and thus pass llunugh tin* mateiial faith 
easily, 'flic eunent eiieounieis a ceitam 
resistance along its path, and am tiding 
to die ruling thrones ol the day this tesis- 
lanec anise horn the clilheulty involved 
in freeing the elections 1mm their path 
around the atom nuclei. It was known 
that heat was involved in the movement 
of particles in the material, and thus it 
was to a degree natural to assume that 
less movement would occur as the tempe¬ 
rature. of the mateiial fell, in otliei wools 
that the elections would adhrir mote 
closely to their path. The gieat physi¬ 
cist Lord Kelvin had pmphesied that ii 
the tcmpeialuic could lie hmuglit low 
enough, the elections would Tieeve solid’ 
at a given point, at which the eonchu loi 
would cease to eonclui I. 

Pmf. Kameilingh (limes had an oppm 
Utility to pm Kelvin’s theoiv to the lea 
and lie giasped it Tngrlhn willi hi 
assistants Dr. C. lloismau and Mi 
Haler Pmfcsscu; (f. Holst, hr < allied mu 
a wide lauge of clcriueul teas whit h 
showed that wiih gold anil platinum the 
icsistanec: ceased to vaiy .tt tempriuliitr 
of between linn and two tlegire- abt<ve 
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Fig. 2. The Cryogenic Laboratory n( InytWn in 1**32 


Absolute Zero. Somewhat foreign to 
the theory of Kelvin was that—as was 
known—the resistance became steadily 
less as the temperature fell and that 
Kelvin clearly anticipated a sudden move* 
ment from very low to very high resistance. 
Strange as this was, Kamerlingh Onnes 
was even more intrigued by the fact that 
resistance of the materials ceased to 
diminish at temperatures between 4 and 
2 degrees. This he attributed to impuri¬ 
ties in the samples and decided to repeat 
the experiment using as the conductor 
mercury, which was much easier to 
obtain in pure form than gold or plati¬ 
num. The actual test was carried out 
by Holst and he came to the amazing 
discovery that when the temperature 
reached 4.2° above Absolute Zero, the 
tesistance of the mercury suddenly dis¬ 
appeared altogether? Thinking that 
there must have been an error somewhere, 
he checked and re-checked his calcula¬ 
tions and his instruments, but whatever 


he did the rr-utlt vv.i, war* 4l 4.2* 
Kelvin, the mrrnny inurd to display 
any resistance of Miflk'trtil we to measure. 

On April 28, Iflll, Professor Kamer- 
Hugh Onnes reported on his findings 
to a gathering of (he Royal Motherlands 
Academy of Sciences, 

Later it was proved dial the property 
of superconductivity was not confined 
to mercury. It was also found in tin, 
lead, aluminium, cadmium, titanium 
and many other primary metals and 
also in metal alloys. Strangely enough 
copper, which it regarded at one of the 
best conductors at normal tempera' 
turcs, proved not to possess properties 
of superconductivity, 

Kamerlingh Onnes immediately 
recognised the immense possibilities 
for his discovery in the field of electro* 
technology. He was convinced that 
the existence of materials with absolu¬ 
tely no electrical resistace would ope# 
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up innumerable possibilities, But this 
conviction was premature. The main 
problems still to be faced were that the 
new and wonderful property tended to 
disappear under the influence of mag¬ 
netism—which was required in order 
to achieve the extremely low tempera¬ 
tures involved and that superconducti¬ 
vity disappeared if excessive currents 
weie passed through the material. 

It was a long time before supercon¬ 
ductivity could be applied in practice, 
The need on the part of industry enga¬ 
ged in electronics to register and retain 
data—as for example in the memories 
of computers—has, however, by now 
led to a real search for practical applica- 
of the property. 

The Kamerlingh Qnncs Laboratory 
in Leyden is still one of the most impor¬ 
tant—perhaps even the most impor¬ 


tant-centre of research in this 'cryo¬ 
genic 1 field, The situation may, 
however, not be to the entire satisfac¬ 
tion of industry because the university 
of which the laboratory forms a part 
is interested only in science for its own 
sake and is not keen on any ties with 
industry which could exercise, a limi¬ 
ting influence on its work 1 
In discussions on the practical values 
of pure science the Kamerlingh Qnncs 
work is often quoted as an example of 
work that appeared senseless to the, 
economist when it was done, For 
what m the world could be the sense 
of getting temperatures near to Absolute 
Zero ? And even the striking results 
of the work did not appear to be any 
thing but just an interesting fact, Only 
now, fifty years after its discovery, is 
this bit of pure science resulting in 
practical application. 



Radioactive Isotopes for Industry 


J. L. Putman 

United Kingdom Aimnii I'meigr Authority's 
Resell)ch Lnlmrutiny, Wauttigr, Uerhdim 


R adioactive isotopes, produced 

and exploited by Britain's Atomic 
Energy Authority in conjunction with its 
nuclear rcactois progiamme, have played 
a significant pai'L in British industrial 
development during the last few years, and 
large quantities have been exported. 

Apart fiom their considerable use in 
support of Britain’s nuclear power pro¬ 
gramme itself, techniques based on radio¬ 
isotopes are contributing to die cflicicnl 
operation of more conventional power 
generating stations telying on solid fuel 
or water power A recent measurement 
of cooling water flow rates in a power 
station under constiuction is one of a 
series of tests which are likely to become 
routine for installations of this type. Flow 
rates in the neighbourhood of 20,000 tons/ 
hour have been measured m underground 
ducts by the use of an isotope dilution 
method with an accuracy of about 2 per 
cent, thus giving important information as 
to the efficiency of pumps which could 
not have been obtained by other means. 
These and other nucleonic techniques for 
measuiing water flow arc also applicable 
to measuring water How in hydro-clectric 
stations, wheie accuracy of about 1 pci 
cent is expected, as already achieved 
in laboratory experiments. 

USE IN COAL MINES 
In maintaining supplies of coal and oil 


fuels, isotopes air also plus mg an impoi- 
lant pait. The i <•*>(*.» >li tlepaitineul o! 
Biitain's Xatiniial t o.d Unnid ibis year 
published details ol the 'Midget Miner', 
a new cnul-nillmg iii.u liiiu- to icplacc 
manual opeialimi al liie *«wl fare. 
Thanks In a i udioisolupc* gauge m the 
culling head, immediate indu .ilinn is 
given when the eultei uppmu lie, a coal- 
shale Imnndaiy. lints rnahlinn the marlmtc 
to he guided along a io.il seam to ml only 
good quality mal. Sml.it e tnuU have 
already been completed Mirrrssliilly and 
tlicic is cvciy evident e th.it a Inlly-aulo* 
malic machine* call soon he ties eloped, 
which is likely in make iiuptovemeiils in 
the efficiency of coal ptoduclion. 

Oil, INI JUS IUV 

In oil 1 ’cfineiies, isotope* techniques are 
finding increasing use in plant inspec¬ 
tion and the testing of pmdurls, 

A tube-wall thickness gauge which ldics 
on the scattering of gamma lays lias been 
commercially available I'm some years 
and enables the walls of pipes and storage 
tanks to be inspected fin internal emul¬ 
sion by a simple nteasuiement bom the 
outside, a method which helps to avoid 
the costly shut-down of plant. 

At least one oil company is using a 
cheap, reliable gauge employing radio¬ 
active nilium for the tontine monitoring 
of sulphur impurities in fuel products 


By Couitesv of the British Inhumation Services, New Delhi. 
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The gauge relies on the selective absoip- 
tion of very low energy X-rays by any 
sulphur impurities which may be present. 

Transport of fuel oils through undei- 
ground pipelines fiom the refineiies to 
storage depots, many miles away, is con¬ 
trolled through radioisotope density gauges. 
The transmission of gamma rays through 
a pipe containing the fuel is influenced 
by the fuel density. So a gauge, once 
calibrated, can not only detect the passage 
of an mtcifacc between two fuels pumped 
m succession along the pipe, but can also 
be used to identify the pipe contents by 
their density 

LUBRICATION 

Improved lubricating oils have been 
developed years eat her than they could 
otheiwise have been, because of the faster, 
more reliable testing methods offered by 
the use of radioactive tracers. If a radio¬ 
active component such as a piston ling 
is introduced into a car engine, any worn 
debris is carried in the circulating lubri¬ 
cant, where it can be detected and mea¬ 
sured by means of its radioactivity 
measurement that the effects of an anti¬ 
wear additive can be detected in little 
more than an hour of engine running and 
can be measured accurately within a few 
hours—a fraction of the time needed to 
produce wear measurable with a micro¬ 
meter or by weighing The method is 
also more reliable, since dismantling for 
measurement is unnecessary and engine 
pciformancc and wear ran be lcliably 
compared under a vaiiety of running 
conditions. Lubricants developed follow¬ 
ing such tests are claimed to extend the 
useful life of a car engine 

PROCESS CONTROL 

Radioactive thickness gauges are incica- 
singly used to measure and conti ol the 


thickness of shecL mateiials in piodurlion. 
Most of the paper pi minted in Biilam 
is now continuously conliolled by this 
means, with great improvements in the 
uniloimily of pioduc ts and the elimination 
of most of the wastage of nialei ial which 
used to attend (lie change of pindml m 
a paper mill. In the lolling of sheet 
metals, a great step imvaids automation 
has been achieved by coupling isotope 
gauges to scivc conliols which auloiint.- 
tically adjust the piessuie of (lie mlleis. 
Rcsuhing piochu'ts aie moie unifomi and 
can comply with luici limits of engined ing 
tolerance besides diet ling an economy in 
law tnalciial. hour Hutisli linns aie nmv 
producing a wide lauge ofindnstiial thick¬ 
ness gauges to satisfy a eonsidei able e\pmt 
trade as well as the home maihel. 

Indusliies processing hulk m.cteiijs, 
such as cement and fcililiscis have lor 
some yeais used nulio.u live tiarer tech¬ 
niques to measure detailed < undiiiniis of 
flow and mixing in the processing plant. 
Slioit-lived latlioadive ina(eii..ls allow 
this to he done without pennuueui con¬ 
tamination of the piodiul, since the 
radioaetis ity can he allowed to dec ay to 
a negligible le.vel hef'mc* lelease to the 
public. One linn, imestigatiug the 
efficiency of the mixing of special inginli- 
enls into cattle lood, was able* to sliou 
with ladioatlive liaccis that adequate 
mixing was achieved in half tin’ time 
actually used in produt lion and arliit veil 
great economics in machine time hv 
ieducing the mixing pcimd. 

S n.IUI.IW 11< IN 

A new J'eaUue in the application .<1 
radioactivity is the use of lacli.itiou hum 
huge somc.es to stciilisc plunii.uemit a) 
and smgical appliances. A pilot plan! 
set up by Britain’s Atomic hmeigs \uth«<- 



SCHOOL SCIENCE 


my at Wantage, containing 230,000 cuiics 
of cobalt 60 produced in British icactois 
has demonstrated convincingly that many 
such products can be stciiliscd more 
reliably than by orthodox methods, at 
competitive prices This will be ol tie- 
mendous importance in the mass pi educ¬ 
tion of hypodermic syringes and needles 
as well as surgical dicssings and other 
appliances, 

After two yeais’ successful operation 
of this plant, known as the Package Iria- 
diation Plant, which is mainly used for the 
sterilisation of medical equipment, the 
Atomic Energy Authority has derided 
that the development of irradiation plants 
in Britain will best be carried out in colla¬ 
boration with industry, and has completed 
manufacturing anangonents with several 
companies, 


These aic onlv a lew examples of the 
many ways in width ladiohotopcs are 
being employed to tin* benefit of British 
mdustiy ’Hum mr is still inn casing, 
In the Thames rstuuiy. near London, 
the .shipping ihanurls air kepi open by 
improved (hedging letlmiques Milling 
in part 1mm un investigation of silt 
movement made with ladioisniopcs some 
yeais ago "the fust of its kind m thewotld- 
and in other fields tun, the Units of past 
icseiuch with radioisotopes continue to 
yield improvements in | (inductivity and 
the efficient use of nianpowet and equip¬ 
ment, 

The recent legislation governing the 
use and storage of ladinartive materials 
will stimulate, uiher than impede this 
progress, by inci easing public toiilidcncc 
in radioisotopes as the savants ofiiuktiy, 



Efforts to Find a Cause of Cancer 

P. Wangham 


S CIENTISTS are abJe to do wonderful 
things in sending rockets to the moon 
and bounce television pictures oil man¬ 
made satellite but cannot stop the myste¬ 
rious process by which in one human indivi¬ 
dual a tiny cell divides and starts a cancer. 

All living cells have the ability to divide 
and reproduce themselves when neces¬ 
sary. But for this fact wounds will not 
heal, children will not glow. But the 
ability of cells to increase their number is 
usually controlled. Why do the cells 
divide and what controls the cell division 
we do not know- It is also not known 
why under some circumstances the cells 
instead of dividing in a tegular orderly 
manner divide in a chaotic and disorderly 
manner. They continue to grow at the 
expense of healthy cells and they also 
migrate to other parts of the body and 
there start secondary growths, 

For such a thing to happen, something 
must happen to the hereditary material 
inside a cell—the deoxyribonucleic acid, 
or DNA. This causes the normal state 
change to the abnormal state. Once 
an abnormal cell is formed, lL in turn 
produces other abnormal cells. 

Thus the aim of cancer reseat ch is to 
discover this change in the cells’ hereditary 
properties. Only in icccnt years real 
progress has been made on this point, the 
discovery of the sUucture of the DNA 
molecule and of the ‘code’ which 
determines what kind of hereditary 


chaiactcri.stics arc to he passed on. This 
revolutionary discoveiy lnoughl Nobel 
Prizes to four scientists Tins knowledge 
can be exploited to obtain an mulei- 
standing as to why the noimal pattern ul 
hereditary information gets upset 

In some types of cancer the disiuplmg 
agent is vims. This suspicion started 
by experiments of cancer in chit kens eon- 
ducted in 1922. More evidence lias been 
gathered lccently and now nearly 22 
viruses have been diseovoied wliitlt ean 
cause leukaemia, another type of fatten 
in rodents. Il has been established from 
cncumslantial evidence, that a eeitain 
type of cancer common m paits of All it,i 
was of viial migm. This ranter known 
as lymphoma alfet Is the jaw in young 
children and it seems to be result ted in 
certain climatic condition. It is suggested 
that the responsible oiganism is a virus 
earned by a mosquito or some other 
insects. 

The human body always nuikes some 
attempt to contain a cancerous gmwili and 
only raicly this attempt is .successful. 
Possibly the human body is capable of 
producing antibodies to a malignant 
growth. It is a majni ptoblem ttying 
to graft skin or m gaits such as a healthy 
kidney limn someone else on ,i human 
being. The ‘host’ reacts to the fmeign 
cells as invaders. However badly it, may 
need them, they aie i ejected. 'I he 
very presence of Ibicigu cells stimulate, 


Adapted from'All out effort to find the c.tns« of cancel’ m M'H'uu'st, p,,i, \jml, 
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the pioduction of antibodies which ate 
antagonistic to the invaders and the host 
cells refuse to co-exist with them. 

Treating cancers by drugs has been 
disappointing. The sulphonamides and 
antibiotics act against bacteria but leave 
living tissues alone, Some drugs which 
do have some effect and destroy cancer 
cells have other seiious side effects and 
cause difficulties. 

Surgery is the oldest and the simplest 
method of treatment. If the job is done 
in time before any secondary growth has 
begun it can be completely successful. 
In modern times with the recent 
advances in surgery and anaesthetics the 
suigeon can reach parts of the body in 
which it was impossible to work 20 years 
ago. 

A more powerful tool is the X-rays. 
The X-rays upset the electrical balance 
of ions within the cells but the rays are not 
selective and they have to be aimed at 
the abnormal cells. They may also not 
kill all the cancer cells and the surviving 
ones may continue the cancerous growth. 

It is now possible to direct at a tumour 
an X-ray from an apparatus using several 
million volts and to aim it with microsco¬ 
pic correctness at a tumour deep in the 
body tissue, so that radiation does not 
harm healthy cells. Some of the radio¬ 
active substances which have become 
available as by-products in the nuclear 
reactors have even a greater potential, 
It has been shown by research that if 
cancer cells are given oxygen in excess, 
the effect of radiation on such cells is 
greater. Thus patients receive irradia¬ 


tion of their tumour while they are in 
a highly oxygenated atmospheie. it 
has been found that if radii unlive phos- 
phorus is injected near the tumour the 
uptake uf l.ulioarlive material by the 
tumour is greatest just Udine cell division, 
When a specially made tieiger counter 
indicates gifatest activity by the cancel 
then is the moment to use radiation. A 
cancer is more vulnerable to X-iays just 
before it divides. 

Diagnosis of cancer is also becoming a 
move and more, skilled affair. Nume¬ 
rous ways have been developed of scan¬ 
ning human organs'-.stomach, lungs and 
so on by means of ingenious optical ins¬ 
truments. Sonic of these arc gastro- 
scope nr broncoscnpe. These are used 
with miniature television cameras on them 
so that Lhe doctor can observe more easily 
any abnormal changes taking place, in 
the, human organs. 

Diseased areas usually send out diffe¬ 
rent amounts of heat fiom normal areas 
and it is possible to produce a ‘map’ of 
the body in which surface areas strong 
in infra-red radiation are dearly picked 
out. Certain parts which are affected 
show increase in blood circulation and 
hence show a rise in temperature. 

All these researches are bound to be 
slow until scientists can give answer to 
the basic question ‘why does a cell under¬ 
go malignant change’, but the .search for 
the answer is a continuous one and the 
scientists aic trying to piece information 
to give, and the next piece of information 
may be a vital one. 
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Scientists You Should Know 

Carolus Linnaeus 1707-17711 


E xplorations by travellers m 

every part of the globe have resul¬ 
ted in an enormous increase in the know¬ 
ledge of plants and there were nearly two 
thousand forms of plants known before 
the 16th century. Today there are more 
than 840,000 kinds of animals and over 
345,000 kinds of plants known to biolo¬ 
gists. The study of plants becomes easy 
if the plants are arranged and classified 
properly. 

Earlier biologists separated plants into 
such groups as herbs, shrubs and trees; 
and animals into categories like water 
animals, land animals and air animals. 
This lacked precision In the eighteenth 
century, Carolus Linnaeus transformed 
this chaos into order and devised a 
scheme by which plants and animals 
could be arranged methodically. 
Linnaeus, was the father of modern 
systematics, who as a naturalist ranks 
second only to Charles Darwin. 

Linnaeus was bruit on May 13,1707. 
His father Nils Linnaeus, a Swedish cler¬ 
gyman had a great affection for plants 
and was reputed to have an unusual collec¬ 
tion of them. This love for plants was 
transferred to young Carolus, who even 
as a boy spent many of his leisure hours 
collecting animals and plants. The father 
wanted Ins son to enter the church 


but young Linnaeus was determined to 
become a physician and a botanist. The 
father had to accept this derision and 
both took a pledge of devotion to .science. 

At the school lie. pioved a complete 
failure and the authorities of the 
school wrote to his lather that hr 
would do well to train his son as a 
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cobbler. However, the boy’s tutor in 
physics, Dr. Rothman noticed in him 
a special aptitude for natural sciences 
and persuaded his father to let 
the boy continue his studies. He also 
supplied Carolus with Pliny’s Natural 
History and the works of Joseph dc 
Tournefort and Herman Bocrhaavc. 
This was the turning point in young 
Linnaeus’s career. It soon became 
apparent that despite his failures in studies, 
Linnaeus had extraordinary abilities and 
a great aptitude in certain directions. 

When he went to the University of 
Lund in 1727, and to the University of Up¬ 
psala in 1728 Linnaeus hardly had any 
money. The hope of getting some part- 
time employment to supplement his 
income was also slender. He was in such 
a state that he was forced to mend his 
shoes himself with birch bark and paper. 
However, at the University of Lund 
where Linnaeus took his fust lesson in 
medicine, he impressed his professors 
greatly by his mastering of methods in 
rearing medicinal plants. He also drew 
up a plan for classifying birds by the 
shape of the beak and claw. It was 
round about this time that Linnaeus 
made the greatest contribution of his life, 
the classification of flowers according to 
their sex organs. 

This, however, was not entirely original 
with Linnaeus. Vaillant, a French 
author, had already recognized plants 
that produce egg-like structures, others 
which produce pollen or sperm: still 
others which were hermaphrodite combi¬ 
ning both male and female organs. Vail¬ 
lant died before he could establish a 
classification based on this scheme. Linna¬ 
eus took it up and applied it to the flowers 
as a whole. Under the title of Marriage 


of the Flowers, lie published in the year 
1729 at the. age of twenty-two a brief t 
academic treatise. 

In 1732 the Academy of Sciences at 
Uppsala sent him to exploit' the plant life 
of Lapland. lie tiavcllcd about 4,600 
miles on foot, hmsc back, and in crude 
boats. Several times he was so short of 
food that his strength nearly gave away. 
For days together he walked through the 
swamplands where lie frequently sank 
to his knees in the mud. His bed was 
made up of two layers of moss, one for 
a mattress and the. other for a blanket, 
Linnaeus had to face a lot of other diffi¬ 
culties too including being shot at by the 
suspicious people of the Lapland, 

It was the first extensive field trip m 
the history of science. Linnaeus's equip¬ 
ment consisted of a measuring slick, teles¬ 
cope, magnifying glass, knife, fowling 
piece, paper for diying plants -and above 
all a mind as open and sparkling as the 
spring morning. 

Six months later a wiry tanned fellow 
strode into die rooms of Uppsala’s Scien¬ 
tific Society. He was able, to amass more 
first hand knowledge of living nature than 
any scientist before. Meanwhile, his fame 
spread, and Sweden began to realize that 
she had a great son in Carolus Linnaeus. 

Linnaeus developed a scheme, of classi¬ 
fication according to which there was a 
uniform method of naming plants and 
animals according to their natural rela¬ 
tionships. During his life, time Linnaeus 
wrote several books on Natural History, 
the most important of which was System 
Naturae. This included a classification 
of every animal and plant known at that 
time. Besides, he established the Binomial 
system which is very simple, and here every 
plant and animal has two Latin names, 
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The first is the generic and the second is 
the specific name. Thus man is Homo 
sapiens and mango is Mangifera mdica. It 
was now possible for the biologists to 
refer specifically to a paiticulai organism. 
In other woids Linnaeus may well lie 
credited with establishing a means of 
communication in biology. As a result 
of this, the plants and animals were classi¬ 
fied into well marked categories which 
not only makes their study easier but 
also indicates the relationships between 
various kinds of organisms. Perceiving 
how each living thing was related to the 
other, he revealed the noble and beautiful 
ordei that is Nature. Plis Syslema Naturae 
had only 14 pages to start with and by 
1768 when its 12th edition appeared, it 
had 2,500 pages. 

Linnaeus also introduced certainly and 
precision to the description of plants. 
Besides he foimulatcd the sexual system 
of classification, according to which 
twenty-four ‘classes’ of flowers were 
established, each based on the number of 
stamens (the male reproductive organs of 
the flowers) and their insertion. Each class 
was subdivided into a number of *oidens’, 
according to the form of the female organ 
(pistil) Although this was an artificial 
system, it had a wide and immediate 
following due to its simplicity and case 
of use. Linnaeus’s outstanding ability 
lay in his peerless capacity for dissecting, 
diagnosing and describing plants and 
giving each one of them a specific name. 

Soon every serious botanist and a 
physician needed a copy of the Genera 
Plantation to guide him from the confusion 
of the plant forms. He was making an 
eternal classification and an embodiment 
of perfect design that covered all living 
things, animals and rocks, plants and 


flowers. This kind of immortality was 
the botanist’s reward for Ins exacting 
Iabouis. He also became renowned as 
the author of an all ernhiaring .Syslema 
Natmac (1935), a manifestation of 
God’s will. 

He. visited England m 1736 whetc 
Professor Dtllenius ber.ame so absoibrcl 
in the Linn.lean system that he oll'eml tin: 
Swede half Ins salaty if he would lcmuiu 
and reach, but lie, declined. Later he 
went to Holland and after scvetnl years 
of stay lie returned to settle as a physician 
in Stockholm whetc lie subsequently 
manied Saia Eli/.abeth m 1739. Pm lug 
his slay in Holland lie published the 
Genna Plantation (1737), and Flout f.u/ifmnia 
(1737). 

lie was appointed as Piofcvairul Botany 
and Medicine at the (hiiveiMty of t 'pp.ul.t 
and rejoiced at being Mired hum the 
wi etched praelite in Stockholm'. He 
was henceforth able to ic,u h, mlln I, and 
investigate plants at cm cling in Ins i.ui< y. 
He. was an endiusiastii cultivator ami 
developed the most iii lily stocked gulden 
of Kmopc artanged aceoitling to Ins own 
system. Dining Ins piofessoisliip lie used 
to conduct many exclusions uioitnd 
Uppsala with his students, Those vcic 
very popular outings often attended by 
two or three bundled people. 

Linnaeus’s affection for Sweden was mi 
gieal that he declined an invitation iiom 
King of Spain to settle in lH.it tommy 
with a handsome s,t],uy and full libnty 
of conscience. In 17bl lie was ennobled 
and took the name von Linne. At this 
time he designed his own tout of anus 
which bore a motto meaning Mu spread 
fame, by deed'. 

Linnaeus was an exlruoulinanly popu¬ 
lar tcachci and his lectures uric attended 
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by students from all parts of the world 
with numbeied from 500 to 1500. llie 
plants they sent back to their master piled 
up in the herbarium where Linnaeus 
probed the secret of flowers that bloomed 
in far away places. 

He lived three score and ten happy 
years to be laid down aL last, with a tolling 
of bells and blazing of torches, in sombic 
Uppsala Cathedral. 

Linnaeus is popularly known as Linne 
and even today in botanical classifica¬ 
tions and nomenclature we use the suffix 
Linn., to symbolize the name originally 
given by Linnaeus. He commanded so 
much respect that at the time of his death 


What is a Computer ? 

An intricate electionic machine which 
can perform numeiical computations 
millions of times faster than the human 
brain and hand It has a ‘memoiy’ 
unit in which it stores coded figures and 
data for use during computation, as well 
as instructions given it by the operatoi. 
Computers can perform acts of choice, 
carrying on mathematical compulations, 
each step of which is determined by the 
results of earlier steps. Some computers 
are used only to do mathematical opera¬ 
tions, as in engineering work; some pro¬ 
cess data and print out results; some can 
act as though they were machines like 
airplanes, missiles, etc., subjected to va¬ 
rious forces. These work out performance 
data and indicate best designs. A popu¬ 
lar name for any computer is ‘mechani¬ 
cal brain’ 

There are two general computer types : 
the analogue and the digital.The analogue 
type employs variable devices such as 


in 177(1, his mosaic scheme of creation 
was accepted everywhere. In his own 
time, the works of Linnaeus had almost 
the .same authority as Scripture itself, 
What Linnaeus said was enough to settle 
all debatable questions in botany and 
other branches of natural hisloiy as well, 

After Linnaeus's death in 177(1, his col¬ 
lections, library and books were bought by 
a wealthy young English naturalist who 
look them to England where they became 
the cherished possessions of the Linnean 
Society of London. It lias been said 
of Linnaeus that he found tiwlngy in 
chaos and left it in tmmm, 

(r.S. P.U.IWjU, 

Test Your Knowledge 

gcais, .springs and adjustable electric, 
circuits which can be set in relationships 
to one, another so as to represent the 
variable elements of a problem. Hv mani¬ 
pulating the. principal, or independent 
variable, all ntliois are made to follow 
suit in piopci relation, producing a series 
of instantaneous solutions to the pioblcm. 
Analogue computers aie used to solve 
operational problems such as directing 
gunfire, etc, Digital computers simply 
count, on the principle, of adding machines, 
producing one solution at a time to a 
specific pi oblcm set up beforehand. They 
arc slower than analogue machines, hut 
arc preferred for extremely intricate 
mathematical pioblcrns because their re¬ 
sults arc highly accurate. 

Can sound be slated ? 

Not as sound. But it can be captured 
and converted into a photographic image, 
a magnetic sound track or an irregular 
channel cut in a plastic surface as in 
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phonograph records. In each case, tn 
hear the stored sounds it is necessary to 
conveit the ‘frozen’ waves back into 
mechanical vibrations, either clct'Li it all v 
or by a needle tiavclhng ovei the sound 
track and causing a diaphragm to vibrate 
The methods used today to stoic sound 
are so delicately adjusted that even the 
finest overtones ate faithfully eaptuied 

What is immunoloaf 

The branch of biochcmiMiy which 
studies the defence mechanism and seeks 
new ways to assist it in gencialing anti¬ 
bodies Its main object is to find scrums 
that will stimulate the blood to make 
laigc quantities of antibodies IxToic the 
invader turns up These scrums or vacci¬ 
nes usually consist of bacteria themselves, 
killed, or weakened, but harmless, but 
mistaken by the blood system fm live and 
dangeious ones. Bacteria may be. grown 
in animals and the animals’ own antibo¬ 
dies used (as in the case of house scrum 
for typhoid) Occasionally, live bade- 
11a may be used on carefully conliollrd 
amounts One division of immunology 
studies the chemical environment on 
which baclcna thrive and attempts to 


douse ‘food’ lor them which will poison 
them 

How dues ,7 Huomml lamp icmk! 

A long glass tube is exhausted ofnii 
and then piovidcd with a small amount 
ofmrirury Time is a small filament .it 
one end, which glows when the lamp is 
(list turned on This glow vapott/ps the 
mcirury and fills the lube with meteuiv 
vapoi The main voltage, nnpiesscd bet¬ 
ween elect! odes at the two ends ni the 
tube, eneigi/.es ibis vapour and makes it 
glow a Inilliarit violet which includes nun It 
ultiavinlct light. This hum Ml ikes a 
uniting called a phusphoi, umsistiug o! a 
beryllium sail, covering the inside nl die 
tube, and produces flunicscence a pin¬ 
kish light lliul pouts out lliitiiigh the 
glass. The glass does not itansmit the 
ultraviolet light itself, 

Chun whies ; ]\'luil me lh r.’ 

These aie a type of gi anile imks named 
aflet tin* founder of (lalciitta, Job filial* 
notk. It is a granulu variety of hypei- 
.stliene giunite which was used lot die 
gravestone of Job Oliaiimck who died in 
Kilhh Chai'uockiles air daik gtaniies 
used extensively as metal I'm mad making, 



Science notes 


AMERICAN SCIENTIST UNVEILS 
GENERATOR OF SUN-LIKE PLASMA 


4jVrAN-MADE pieces of sun 1 that 
promise startling advances in 
fields from metal working to space travel 
are being generated by one of the most 
advanced machines of its kind in a 
Columbia University laboratory. 


The new machines create plasma— 
electrically charged gas—directly in air, 
free of any enclosing chambers or jackets. 
Consisting of material in essentially the 
same form as the sun, the ficc-burning 
jets are intensely bright ancl hot, about 
20,000° F. (11,000° C.). 


Dr. Sheer envisioned a new family of 
plasma generators, opriating at 00 percent 
efficiency, that ‘could double or triple the 
payload of plasma-powered .spare ships 
voyaging between planets.' 

Dr. Sheer forecast a gonna tor in the 
new family that could light night athletic 
events or night leseuc operations in 
disaster areas by the 1990’s as a kind of 
miniature sun; a generator that could run 
a high efficiency torch that would cut and 
weld at ‘phenomenal speed,' lie said 
the new jets would eliminate the car- 
shattering jack hammer by silently rutting 
instead of breaking up concrete. 


They are believed to be potentially the 
world’s brightest sustained light source. 
Such free-burning jets produced in the 
laboratory have attained a brightness three 
times as great as that of any other steady 
light source on earth. 

Charles Sheer, inventor of free-burning 
plasma jets demonstrated for dark-goggled 
newsmen how ‘plasma technology is on 
the threshold of practical application ’ 
He defined plasma as an electrically 
conducting gas, most commonly mani¬ 
fested as a brilliant, intensely hot stream, 

He said uses for plasma jets, based on 
earlier discoveries and operating at 40 
per cent efficiency, have already permeated 
every field of science and technology, 
including materials fabrication, metal¬ 
working, chemical processing, extractive 
metallurgy, illumination, and aerospace 
engineering. 


Dr, Sheer singled nut two of his 
assistants for special tribute. One was 
Christo Stojanoff, Bulgarian engineer, who 
escaped to the West over the Berlin Wall 
a few years ago; the other, Pin-seng 
Tschang, who was born in Malaya and 
educated in the United States. 

Dr. Sheer demonstrated the jets using 
an elaborate triple cathode generator, 
the most advanced research tool in exis¬ 
tence for studying free-burning plasma 
jets. 

Three streams of flame, or jets, three- 
quarter of an inch thick and 18 inches 
long, spewed forth from an elongated 
thick needle-shaped tube, suspended from 
a large generator equipped with metal 
blocks and swirling tubes and hoses, 

The jet temperature was 20,000° F 
(11,000° C). Dr. Sheer showed how 
the jets could easily boil tungsten or 
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slice through concrete—feats far beyond 
the powers of the hottest combustion 
torches now in existence. 

The jets or streams of flame consist of 
a highly ionized or electrified gas, such 
as argon. To geneiale a plasma jet the 
gas is foiced in its conventional state 
through porous positive electrodes 
(anodes) located in the centre of the 
generator. 

At the same time up to 450 ampeies of 
current at 40 to 60 volts flow from three 
negative electrodes (cathodes) to the 
anodes in a continuous electric arc dis¬ 
charge. Gas is instantly chaiged by the 
arc as it emerges from the anode. 

It is the use of a porous anode foi 
introduction of the gas tliaL is the basic 
idea behind Dr, Sheer’s invention of the 
free-burning jets, 

He explained that the intense heat of 
the gas as a plasma results fiom the 
transfer of electrical energy to it, rather 
than from the chemical reaction of 
combustion. 

‘The main objective of research 
involving this new generator,’ Dr. Sheer 
said, ‘is to understand this complex 
process by which electrical energy is 
ultimately transferred to the gas. Such 
knowledge as the studies provide form 
the basis for the evolution of what may 
become the new family of plasma 
generators,’ 

LENSES OF GAS GUIDE LIGHT I1EAMS 

Lenses made of gas, rather than glass, 
are being tested in the United States to 
focus and guide light beams around bends 
and corners in pipes over long distances. 

Eventually such light beams can 
perhaps be used to carry tremendous 


quantities of information in a revolu¬ 
tionary new communications system, as 
telephone wiies and coaxial cables carry 
electrical signals which tiansmit voice or 
pictures or other information. 

Tests show that the gas lenses do not 
reflect or absorb light nearly as much as 
conventional optical lenses. The light 
beams used in the experiments corne from 
a laser, a device that strengthen-, and 
purifies light and then emits it in a thin, 
powerful beam that does not spread nut 
neatly as much over distances as do 
ordinary light beams. 

The tests show that a gas lens or series 
of lenses can confine a laser beam to a 
patli neat the centre of a pipe even if the 
pipe, curves shat ply. 

In a straight pipe, the lens need not be 



GAS LENS -Thr roil* arnunl the g,u tilled pipe 
keep the pip** sit a t ninlanl Iriiiimiine. An 
electrical hdix heater inside tile |)t]»e warm* (lie 
pas anti the retailing rouvri unit i intent t priohnr 
an average ini reuse ot gas dens'uv at (lie *m(re«a 
the pipe. The light I seam is tlneiiril dnv*»l the 
axis of the helix where the dense gas irliatu il i«» 
follow the pmh ot tie- helix. I'm th moiuiMihm 
purpose*, tlte helix it shown at the lop nl dm 
photo instead of inside the pipe If lie- h< h* 
bent, the light brain will (nlltnv that tut tv. 
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powerful because it needs only to compen¬ 
sate for the small natural spreading of the 
laser beam. 

The light beam would normally tend to 
travel in a straight line even in a curved 
pipe section, therefore, strong lenses are 
required to refract the beam according to 
the pipe’s configurations. 

In such pipes, the gas lens focuses the 
beam to keep it from hitting the side of 
the pipe and, instead, (low in the centre 
of the pipe. 

To accomplish this, the pipe is filled 
with gas. Because gas becomes increas¬ 
ingly refractive with increased density, the 
gas inside the pipe is caused to concentrate 
most heavily in the pipe’s centre. 

This gaseous region then acts like a 
prism, deflecting the light beam in the 
pipe’s curvature. The system takes ad¬ 
vantage of the well-known scientific 
phenomenon that light rays curve towaid 
regions which have strong refractive effects 
or, in scientific language, regions which 
have a high ‘refractive index.’ The 
sharper the curve, the more the light 
beam must be refracted to keep it from 
hitting the side of the pipe. 

Such pipes could, presumably follow 
the natural curvature of terrain and could 
be ‘transmission lines’ for long distance 
communications systems. 

The gas lenses now being tested are of 
two different types both designed by 
Dwight W. Berreman and Andrew 
R. Hustson, scientists at the Bell Tele¬ 
phone Laboratories in New York. 

In one design, a spiralling coil or helix 
runs through the centre of the gas-filled 
pipe. The helix is kept a few degrees 
warmer than the pipe This heats the 
gas and sets up currents that cause the gas 


to romentiate in the mitie of the pipe 
thus inn easing the i clear ti\e effects in the 
ccntie. 

The light beam is then aimed tluough 
the axis of the helix. Vat tints gases 
successfully used in the tests include 
in ix titles of air and taihnu dioxide, freon 
and liydtocaihoiis. 

In the second design, two gases of 
different refiactive rap.u ittes flow together 
continuously ft mu oppo-ite diirrtimvt into 
a mixing chamber. '1 he gases meet, mix 
and aie drawn out of the rliamhrr. 

1 lie light beam passes through the 
mixing chamber and is focussed in this 
legion. The scientists ran focus the 
light as needed by continuing variations 
in the lelraetive index of the transparent 
gases through iheiiintl expansion, flow and 
diffusion. 

Additional tests are expected to show 
whether this basically new apptoaeh to 
die guiding of light beams over long 
distances will lend itself to a commercial 
long distance oormmmientiom system, 

NEW DEVICE PERMITS SCIEN11,STS TO 
SIMULA ] L WHICH I TLhSSNKSS 

A machine which pemiits scientists to 
simulate weightlessness without leaving 
the surface of the earth has been developed 
in the United Slates. 

Known as the 'Zcio G Rig.' the device 
holds a man suspended as if floating in 
space, lie can change his position by 
propelling himself with aiijeis on his 
gloves. 

lhe device is especially useful for 
simulating a situation in which an astro¬ 
naut steps outside his spacecraft while 
in orbit or while travelling to the moon 
or some other heavenly body. Leaving 
the spaceciaft for short periods may be 
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necessaiy foi iepainng the craft’s extenoi 
on lengthy space missions. 

In the Zeio G Rig, the test subject is 
strapped into a harness suspended from 
a ciossbar which swings from a boom. 

Gimbals and swivels give the lest 
subject complete fteedom of movement 
in any direction, almost as if he were 
floating in the gravity-fiee vacuum of 
space 

The device weighs 1 .5 tons, but is so 
delicately balanced that most effects of 
weightlessness as they occm in space can 
be accurately simulated 

Preparatoiy to advanced space missions 
now being planned by the U.S. National 
Aeronautics and Space Administration 
(NASA), scientists are duplicating 
almost every condition an astronaut could 
conceivably encounter in space. 

With the help of a centrifuge and olhet 
devices, scientists can check on the effects 
on men and equipment of several limes 
the forces of gravity expci lcnccd normally 
on earth. In models of spaceships, Ameri¬ 
can scientists are testing the cfl'cct of long 
confinement in cramped quartets undo 
space conditions. 

However, a giavitation-fice cnviromciit 
as exists in space defies precise duplication 
on earth Brief penods of weightlessness 
can be produced in ait planes Hying in a 
diving pattern at high speeds, hut at best 
can be maintained only fm about one 
minute. 

In such tests at NASA’s Marshall Space 
Flight Centre at Huntsville, Texas, and 
at the Aerospace Medical Research Labo¬ 
ratory at Wright-Patterson Field, Ohio, 
technicians performed mechanical repair 
tasks on an engine inside the cabin of a 
jet aircraft during brief periods of weight¬ 
lessness. By repeating the diving maneu¬ 


ver many times, these technicians accumu¬ 
lated weightless time of about an hour. 

In the absence of giavity, an astronaut 
twisting a wrench could turn himself 
instead of the nut. Striking a conven¬ 
tional hammer could cause the astioiniuL 
to be piopcllcd backwards. 

Amencan scientists arc cuurntly de¬ 
signing special tools for space use, which 
counteiacL weightlessness. Some of these 
tools have been tested in |el flights 

The new Zei o G Rig is expected to help 
design and LcsL such tools and techniques 
by making possible simulated weightless¬ 
ness fot piolongcd periods on the suiface 
of the earth. 

FLEXIBLE RIBBONS OF LIGHT 

Flexible ribbons of electric lighting arc- 
now available in the United States by the 
foot or by the mile (by centimeters or 
kilometers), as desired, for numetous uses 
in the home, commerce, arcliiteetuie and 
industry. 

Known as Panelcscent Tapc-Lito, these 
continuous ribbons, .which contain neither 
light bulbs, tubes, filaments, gases or 
special fixtures ... can be twisted, coiled, 
bent or shaped in wrap-aiound forms even 
while lit. They operate on oidiuary U.S. 
household current, or from batlnies and 
converters. 

The ribbons are available in four colouts 
blue, green, while, and yellow. Other 
colours and shades can be achieved 
through plastic ovnlays. Words and pic¬ 
tures can also he superimposed on the 
strips with overlays for use in indoor and 
outdoor advertising, trallic control and 
for other purposes. 

The ribbons are cool to the touch and 
a 100-foot (30-meter) length of ribbon 
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requites less electricity than a 100-watt 
bulb. 

Light output is a soft, medium-level 
illumination, but can be varied slightly 
with applied voltage. 

Possible applications include centre¬ 
line strips and pedestrian lanes on streets 
and highways; ‘walls of light’ and other 
decorations in homes; sales displays in 
stores and offices, interior decorating in 



Flexible ribbons of light give these Ueps and bam- 
sters added saftey and a unique decorative touch 
These strips of light, called Panclcscenl Tapc-Litc, 
are available in any desired lengths and in a variety 
of colours. 

buildings and furniture design, and for 
entertainment. 

For example, at an ice show at the New 
York World’s Fair, more than 2,000 feet 
(600 meters) of ribbons were used to 
create a spectacular 'lights in motion’ 
effect. Stairs, railings and curbs can be 


marked with the rihlinm fbr night-time 
safety. 

The Tape-Lite libljems operate on the 
principle of electroluminescence. Light 
is obtained by plat ing phosphor between 
electrically conductive plates and then 
applying voltage across the plates. To 
permit the light to be sent, one of the 
plates is translucent. 

Thus, Tape-late ribbons consist of a 
thin strip of aluminium foil, a layer of 
phosphorus arid a transparent, electricity- 
conducting coating. 

These arc sandwiched between protec¬ 
tive layers of clear plastic. The entire 
ribbon is only 1/32 of inch (0.08 centimeter) 
thick, and is now manufactured in a 
variety of widths up to 12 inches (30 
centimeters). The ribbons are manu¬ 
factured in standard lengths of 150 feet 
(45 meters), but can be sealed together by 
the factory so as to produce, any desired 
lengths. Normal operation requires 120 
volts, 

Unlike conventional lamps, Tape-Litc 
ribbons can withstand sudden impact and 
many other accidental shocks and pres¬ 
sures. In a test, a Tape-Litc ribbon 
continued to light after being pierced by 
a bullet. 

Though Tape-Lite is usually not sub¬ 
ject to abrupt failure as are. bulbs, its 
brightness gradually diminishes with use. 
It usually operates for 35,000 hours before 
dimming to half its original brightness, 
but will continue to give light at gradually 
diminishing rates for an additional 10,000 
hours. If desired it can be dimmed to 
any point from full brightness to off. 

Panelescent Tape-Lite was developed 
and is manufactured by the Sylvania 
Electric Products Corporation at Salem, 
Massachusetts. 

From Science Hews, USIS, New Delhi. 
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CATERPILLARS’ BRAINS 

In an effort to gain better knowledge 
of the biology of insects and more effective 
methods of combating insect pests, an 
Adelaide University professor in South 
Australia is transplanting caterpillars’ 
brains m a series of microscopic opera¬ 
tions, 

Piofessor H.G. Andiewartha, of the 
university’s zoology department, has been 
conducting his brain transplanting experi¬ 
ments for the past two years. He has 
succeeded in slowing down or speeding 
up the life cycle of the common biown 
grapevine moth. 

The life cycle begins with an egg which 
changes to a cateipillar, then a pupa and 
then a moth which lays more eggs. 

Professor Andrcwartha appioaclies his 
pin-size task in the manner of a surgeon, 
by using a needle ground to the shape of 
a scalpel blade and a pair of watchmaker’s 
forceps. The transplanting is done under 
a microscope. 

Professor Andrcwartha said the glands 
had a similar function to the pituitary 
gland at the ba e of the brain in humans, 

‘The pituitary gland is important in 
controlling the growth and development of 
a child to maturity’ he said. 

‘In both cases—humans and insects— 
the control is exerted by the hormones 
secreted by the glands. With humans wc 
have outsize people and dwarfs because 
of lack of control of these hormones. 

‘But with insects their whole life cycle 
can be interrupted if hormone control of 
their disapause is altered. The disapause 
is what makes the insect dormant and a 
large range of insects become dormant at 
a certain stage of their life. 

‘In the life cycle of the brown grape¬ 


vine moth, we have kept the insect dor¬ 
mant for months until it dies. We have 
also revcised the piocess by stopping it 
becoming dormant. 

‘More study and understanding of 
these piocesses can lead to improved 
methods of combtaing insect pests as the 
principles involved are similar.’ 

Piofessor Andrewartha said he expected 
that the experiments would continue for 
about two more years before they were 
complete. 

NEW TIMBER PROCESS 

The Australian Commonwealth Scienti¬ 
fic and Industrial Research Organization 
(C.SIRO) has developed a process for 
protecting timber against decay and attack 
by borers and termites by saturation with 
a chemical mixture. 

Oiiginal icscarch into the protection 
of timber was carried out as early as 1956 
by Mr. N. Tamblyn of the GSIRO Divi¬ 
sion of Forest Products in Melbourne. 
By I960, with further research conducted 
by Mr. R. Johauson of the same division, 
a modification of the same process was 
developed and the mixluie was made 
available in powder form, 

The solution is a boro-fluoridc chrome 
arsenic mixture which can be applied 
either by spraying or dipping. It will 
dissolve completely even in cold water. 
It has been found to be so effective that 
all building timber for Australian Adminis¬ 
tration contracts in Papua and New 
Guinea arc required to be protective- 
treat ed. 

The timber is treated when green and 
then block stacked for several weeks to 
prevent rapid drying. 

By courtesy of the Australian Information Ser¬ 
vice, New Delhi. 
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SNAKE VENOM IS NEW HOVE FOR 
THROMBOSIS PATIENTS 

Help for thrombosis sufferers may come 
from the venom of the pit viper, a highly 
poisonous Malayan snake. British lescaich 
workers are now engaged in isolating 
the substance in the venom which prevents 
blood clots, and trying to discover the 
exact way in which it works. 

Thrombosis—a major killei—second 
only to cancer is caused by the formation 


of a dot in a blood vessel, resulting in 
obstruction to the flow of blood. A subs¬ 
tance that would eliminate the possibility 
of blood clots Would thus be of obvious 
value in treatment. 

The vvmk of isolating the substance is 
being canied out at (lit* Raddilfe Infir¬ 
mary in Oxfoid. Dundee and Liverpool 
Universities are also engaged in other 
ldated biological work. 

By niurlisy ol’Miithli 1 nltii iiuiiou Sri Vico, New 
Delhi 


PROF. P. MAHESHWARI 

Prof P. Maheshwari was recently elected a Fellow of the Royal Society, London, 
a distinction which he richly deserves. He is one of the twelve. Indian scientists who 
have so far been elected as Fellows of the Royal Society. Prof. Maheshwari is a 
leading botanist in the country and he is well known in international circles for his 
contributions to the knowledge of plant morphology and embryology, He heads 
the Department of Botany of the University of Delhi which has now been established 
as an Advance Centre for Research. Prof, Maheshwari has built up a team of enthu¬ 
siastic research woikers who have also contributed a good deal to our knowledge of 
plant embryology. 

School Science offers its felicitations to Prof, P. Maheshwari for this unique dis¬ 
tinction he has achieved We arc very happy in the fact that Prof. P. Maheshwari 
has associated himself with the work of the National Council of Educational Research 
and Training. He is a member of the Advisory Borad of School Science and he is also 
Chairman of the Biology Textbook Panel, Two sections of the textbook have been 
published already He has also guided and has taken part in the conferences organi¬ 
zed by the Council for framing the science syllabuses of the Regional Colleges of Edu¬ 
cation. 



Summer Institute Programmes 


I N the scheme of leoiienling scienre 
education, the science tcachei occu¬ 
pies a central position. Equipment and 
textbooks, howevei Rood they may be, 
will not avail much if the law hoi does 
not have adequate masteiy over the sub¬ 
ject. The teachers at the secouthuy level 
are trained science graduates, hut they 
have not had opportunities to keep abreast 
of modem developments m science. The 
Summer Institutes aie being organised 
with a view to creating such oppmtunilics 
by bringing togclhci gionps of science 
teachers in a univeisity or college campus 
for a period or about live weeks during the 
summer vacation, and making available 
to them modern textbooks, impinved 
laboratory techniques and teaching aids, 
under the supervision of competent 
directing staff. This will also help to 
bring the school and univeisity teaelieis 
together in a common endcavuui to 
improve the quality and standards of 
science education. 

Duiing the summer of 19(53 and I'Uif 
a programme of Sumniei Institutes was 
carried out at dillhent centres. ’I he 
success of these institutes and the reaction 
of some participants have already been 
leported in these columns In June-July 
1963, four Summer Institutes weie held 
one each in biology, chcmistiy, physics 
and mathematics. Over 150 teachers ol 
secondary schools participated and had 


the benefit ol studying and winking the 
new appt nadirs to science teaching, The 
malciials and the cuiiieuluiu were those 
developed in tin* USA. and each institute 
also had the benefit of assistant e ol 
an Ainetiean Scientist, who was In ought 
down lor tins purpose. During Jmie- 
July 1%I the nuinbei of Suttimei Insti¬ 
tutes was inn eased to lb, four in each 
of those subjects. At these institutes 
about tub tcailicts hum second.uy 
•schools, pic-univetsity and intei mediate 
classes and limn tcachei tt,lining tolleges 
had training in labmalnjy wmk and u«ed 
text and otliei matmals pirpainl in USA. 
Thirty-two scicnte consultants limn USA 
assisted the academic Mali'of the ]ti iusii- 
tules in the conduct ol the naming juu- 
gratnmes. 

Eneouiaged by die lesults athieved, it 
is pioposed to hold (lining the summer of 
lb 1)5, HI Suiumn Institutes, as detailed 
liehiw: 

M MMI'.R INS l nr IKS IN I'ttA 

’/•"lies Hi"- (,In iiii\' I'lo M.utir. . 

m in. main, l ’' u ’ 

X. n 11 if tit .! i ;* ) u 

Wistem ,! | , ) (, 

Soudinn J I 1 .j p 

K.1MCI ii i i i i 1 i 

1-tal * U n It, -p 


64 


SCHOOL SCIENC! 


As in the previous years these institutes 
are being organized by the National 
Council of Educational Research and 
Training, the University Giants Commis¬ 
sion and the United States Agency for 
International Development. At an ave¬ 
rage enrolment of 45 participants at 
each institute, it is expected that about 
2205 teachers will benefit from the experi¬ 
ence. 

TEACHING MATERIALS AND AIDS 
Physics 

As in the previous years these institutes 
will use the new materials developed in 
USA m the recent past The Physics 
Institutes will be using the malcrials 
produced by the Physical Science Study 
Committee (PSSC) consisting of four 
closely inter-connected parts: Part I 
is the general introduction of time, space 
and matter. Part II deals with optics 
and waves where both the particle theory 
and wave theory are introduced to explain 
various phenomena. Part III is on 
mechanics. There is a chapter on heat, 
molecular motion and the conservation 
of energy. There is no mention of the 
specific heat of gases and calorimetry, 
expansion co-efficients and such topics. 
Part IV is on electricity and atomic struc¬ 
ture, quantum mechanics and relativity 
theory. Here the student reads about 
Maxwell, Bohr and Planck. Thus the 
student is led to see that physics is an 
integrated subject of study, whose frontiers 
are changing constantly. The units used 
are in the M.K S. system instead of the 
usual G.G.S. system. 

The textbook, laboratory guide and 
the teachers’ resource book have been 
reprinted by the NGERT at low cost 
and these materials will be used by the 
participants. 


Biology 

The Biological Sciences Curriculum 
Study (BSCS) in the USA jnepared new 
materials presenting an unified, up-to-date 
treatment of biology fm .secondary schools, 
Three vcimous of high school Biology 
Textbooks and Laboratory Guides are 
available - the green veision, the yellow 
version and the blue version. The green 
version lays emphasis cm ecology and 
evolution; the interaction of populations, 
communities arid the world biome. The 
yellow version lays emphasis on the cellu¬ 
lar approach to plants, animals and micro 
organisms. The. blue veision lays stress 
on the molecular anti cellular levels. 

The Institutes will be using the yellow 
version material, NCJIiRT is reprinting 
the yellow veision textbook, the labora¬ 
tory guide, the. teaelieis’ manual for 
the textbook and the teachcis’ manual 
for the laboratory guttle. Copies will 
be ready by the lime, the institutes begin 
their work. 

Chemistry 

In Chemistry, the materials prepared 
by Chemical Education Material 
(GHEM) Study Group are being used. 
Here, chemistry is presented as an 
experimental science. Unifying principles 
are developed with the laboratory work 
providing the base for this development, 
To see these principles grow out of obser¬ 
vations made in the laboratory give the 
students an exciting picture of how all 
scientific advances begin. Thus the habit 
of questioning and of seeking understand¬ 
ing rather than being satisfied with blind 
acceptance of dogmatic assertions will be 
cultivated in the students. Also, such 
an approach liberates the students from 
the drudgery of endless memorization of 
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innumerable chemical facts. 'I’hcsc 
materials consisting of a textbook, a labn- 
latory manual and a tcachcis 1 guide have 
also been rcpunled by tlic NCIiRI. 

Mathematics 

In Mathematics, texts and commenta¬ 
ries prepared by School Mathematics 
Study Group (SMSG) will be made use 
of. These deal with the nature of mathe¬ 
matics, probability and statistics, vcctoi, 
algebra, linear spaces, matrices, theory 
of numbers, etc. In each ease the subject 
matter impinges upon the matciial of the 
secondary level. The major emphasis is 
placed on developing real understanding 
of the foundations of and the logical rela¬ 
tionships within mathematics. The main 
purpose of problems is to test whether the 
student has sufficient giasp of basic 
concepts and relations to be able to work 
out his own solutions and applications. 

Die George W. Burns 


Dr. Paul R. O’CIonnar 


Dr. Howard F. Femr 


Dr. Arnold I), Gkorman 


Dr Philip S.Jastram 


Dr, William E. Morru.l 


Thus new dimensions have been added 
and the oldci concepts have been reoiga- 
nised and extended in the light of the 
modem view dial the majoi emphasis 
<m mathematics is concerned with abs~ 
tuiet pattei ns ol thought. 

The books prepaied by the SMSG will 
also be lepimtod by the XGERT, but 
copies of these i epi inis will not be available 
by the time the institutes suit this year. 
However, all the institutes will be using 
the Indian icpiints in the next year. 
An Oiicnlalion Seminar lot the Diice- 
tors of the Sununei Institutes was held 
for five days commencing iiom Januuiy 
111), IMbf), Right American scientists wae 
invited to Delhi to puilicipnle in tiii* 
seminar and conduct the gmup meetings. 
They explained the mateiials to the 
participants and disiussed with them 
detail ol the institutes to lie held. 1 hose 
invited weie: 

Puli', .nid Cliiiiiman ul dir Ilrpu ol Bnlany 
and Hat let iiiltigv, (lliiu \\eslrjan tTmu.il; 

Ohio, USA 

Poil’esMir ol Cltiimsliy 

Depit. ttl Ultrmiiirv 
Umvmuy of Mmnevna 
Minneapolis, USA 

Picifewn of Malle mains I a Inc ai ion 
Te .tellers (’.allege (Aihuitliia 1'imrrsilv 
New Yolk, 

1 luri (nt 

ltSt.S Pingi.nimw 
Umvmiiy nt Culm ado 
llimlder, Uolntsnln. 

Prnlrwir nt I'lo-.us 
Ohio .Slate Univmm 
Columbus, Ohio, t.'NA 

Programme Durr tor 
Summer Institutes Iltvidnu 
National Sc inlet- lmunrlatiou 
W ashingtmiu D.( t S \ 
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Du. Ai rar.D Romlr 


Dr. D Ransom Whitney 


Pinlrsor of Pliysu s 
Prim* Uni Unisetsuy 

Viincrlun 
New |ri m > . 

Plot ill M.illinii tins .uid 
Dim lor ol <..•niipiiir'i L.ilvMi.iloiy 
OIiiii Suae tain ruin 
Columbus, l >hin 


SUMMER INSTITUTES TO BE UEI.D DURING IIUTi 


Subject/ Region Place 

BIOLOGY 

Noithem AGRA 

DELHI 

Western INDORE 

JODHPUR 

Southern CALICUT 

MADURAI 

Eastern RANCPII 

CHEMISTRY 

Northern ALLAHABAD 

CPIANDIGARH 

LUCKNOW 


.\'aine nj the Dim lor 


Prof. I'. SINGH 

Head of ilir D« pit ol Zoology 

Si. Johns' tinllrgr, Agta. 

Piol. II R. SESIIACIIAR 
llrail ol iln Depll. ol Zoning. 

Delhi Unisersity, Drlln. 

Pu.r, K.S. Kt’LSHRKMUA 
lli-ail of the Dol<U. ol /.oology 
I lolkar Siieiur College, ludoit, 

I’ml. U.N ClIATTER.ir.r, 

Ilc-atl ol the Deplt. ol Hoi,my 
Jotlhimr l T ui\ ersity JiHlIipur. 

I’mC, A.P. MATHEW 

Head of the Depit. ol‘ Zoology 

Mar hanious College, Tiisamlunu. 

Prol S. KIUSIINASWAMY 

Head ol the Deptl. ol Zoology 

Madras Univei si ly Extension Oentie.Ma 1 

Pior K C. HOSE 

Head oP the Deplt. of Zoology 

Ranchi University, Ranchi. 


Pi of. SATVA PRAKAS1I 
Head of the I)eptt. of Ohrinistiy 
Allahabad University, Allahaimil. 

Pior. R.G. PAUL 

Plead or the Deptt. of Chemistry 

Punjab University, Chandigarh 

Prol'. L.N. SR1VASTAVA 
Deptt. of Chemistry 
Lucknow University, Lucknow. 
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VALLABH- 

VIDYANAGAR 

Western JAIPUR 

UJJAIN 

NAGPUR 

Southern ANNAMALAINAGAR 

BANGALORE 

HYDERABAD 

Eastern BHUBANESWAR 

BURDWAN 

CALCUTTA 

PHYSICS 

Northern AGRA 

CHANDIGARH 

Western AH MED AB AD 

SAGAR 


PROP K 1). P\TEI. 

IIitkI nl die Diplt <il Glirini.tn 
•S.Y. A iil^.ipi ctl), Y:illnliliiid\.ui,u;.ii-. 

I)i. RC. MKI1ROTU V 
l’ml. .Hid III-, ill ill till- Hi [KI III 
(:i ii'imst i v, 

R.i|.isth.iii I'rmuMU, f.nj Mi. 

I’h >1*. WA . HI TAG AW \1 

I Il-.lll III tin* IP-pit III Gill IIII-.III 
\ iki.un t'iii\( isiiv. I ')|.nti. 

I)r. G MIAGWSNP 
Ri-aili r in Gin tiusti v 

I *ih\i*imIv Pinl-Ri jdu.iti lr.uliim; Hr p.n iiu-'iii, 
Nanpur UniM‘ivil\, N.»;pin. 

I’tr.l. \ BALI AH 

Hi*ad nl tin l)t-j)lt iit ( li«-iiit-,liv 

Anmmiukn Uimi-i-.il}, Anii.ilu.il.un.u;,ii 

1’iiif. M. SllAt) VKAMIAR VSWAMY 
Prim ipal 

Grnli-.il Gnlli nr, R.llig.tlnrr 

Pi nl'. \ .G. HPADHAYA 

Ri-adri in tin- Dcptl. nl t.In nmii v 

Unlit-lilt) Gnllrj;i nl ,Si inter, llMlri.ili.nl 

l’lol.A.N HOSH 
(tlu-niisli y Drptt. 

Ref'llmill G.nUi i;r til l dm .limn 
BllVll l.llll'Ml in. 

Pi nl S.K. MI >DIIAN I \ 

Hr.id nl llir Drpll nl Glnflu.tiv 
Hindu,m UiiRumii, Hiudw.iu. 

I’ml. IlKH VMRA't A SEN 
I ll-JItl. Ill (Iln iuiMl V 

J.id.upm Vm\riMi\, J.ul,npm, l .ili iiii.i. 


Pi nl. I..]' Ml \R\| \ 

I )rptl. nl Plii mi >, 

At'i.i Gnlli-v-r, Av.i.t. 

I’ltil. R M. AN \M) 

I It-,III nl lilt I trpll. nl Pin n i 
Puni-’iL I lint I nil. I h.iudu-.il )i 

SlniP.D PUTIAK 

Rr.ldrr Ill-<h.iii;i- nl tin- Drplt <<| Ph-.-nti 
Gu|.nat Unnrriiiv, Ahiiirthtlu-I 
Dr J D. RAN \DI 

. Vn.lt Pi nf III lilt- I Sr’Jlit nl Phi nt .. 
s .in',;,lr 1 inirsMri, -',[><.11 
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AURANGABAD 

AJMER 

UDAIPUR 

Southern WALTAIR 

TIRUPATI 

BANGALORE 

Eastern GAUHATI 

PATNA 

RAJA- 

RAMMOHUNPUR 

MATHEMATICS 

Northern ALIGARH 

ALLAHABAD 

KURUKSHETRA 

DELHI 

Western BARODA 


Prof. V.W KUJ.KARM 
Head nr the DeptC, of Physio. 

Milind Ciillrgr ul Scinin*, Aui.ingali.ui 

Prof. D.fl. PAN1H-.YA 
Ilcatl »l (hr Drptt. (il s. 

Regional College of Iviur atmii, A|imi 

■Slii'i D.S. KOTHARI 
Reader in the Deptl. nl Phvsii s 
Udaipur University, L'daipui. 

Prof. I). RAMACIIANDRA RAO 

I>ptt. of Physics 

Andhra University, Wallair 

Di.S.V SUBRAIIMANYAM 
Deptt. of Physirs 

SUrt VenkaUsw.ua Uiiivnstty, Tirupati. 

Pior. SYE1) 7.IAUDD1.N 
Head of the Drptt. nl Phvsiis 
Cenual College, lUngahne 

Sliri ILK. I1ARUA 
Deptt. ol Physics 
Cotton College, (iaulnui. 

Prof. II.N. SINGH 

Head of the Drptt. of I’liysii . 

Patna Univnsity, l’alna. 

Prof. S.N. SEN 

Head of the Deptt. of Physics 

North Bengal University, Raja Raniinolumpur. 


Piof.JA SIDDIQ.I 

Plead of the Deptt. of Mathematics 

Aligaih Muslim University, Aligaih. 

Prof R.S. MISI-IRA 

Plead of the Deptt. of Mathematics 

Allahabad University, Allahabad. 

Prof. S.D. CHOPRA 

Plead of the Deptt, of Mathematics 

Kurukshetia University, Kurukslictia. 

Dr. P.D. GUPTA 
Principal 

Ramjas College, Delhi. 

Prof. U N. SINGPI 

Head of the Deptt, of Mathematics 

M S, University of Baroda, Baroda, 
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.■Southern 


Eastern 


JABALPUR 

JODHPUR 

NAGPUR 

WALTAIR 

DHARWAR 

ERNAKULAM 

MADURAI 

RANGIII 

GAUI-IATI 

BURDWAN 

CUTTACK 


Prof. T. I’ATT 

Head of (lie Deptt. of Post-Giaduate Studies and 
Research in Mathematic* 

Jabalpur Uiitvcisitv, Jalialpnr. 

SluiK.N MEHRA 

Ac tint; Head nl tlu DrpU. of Mathematics 
Jodlipm Univrisity, Jodlipm. 

l)i. B.fS. PADNIS 

Rradn in the I’ovt-Giadualc Dcpu. of Mathematic* 
Nagpur Umverut}, Nagpur. 

Prof. S. MEENAKSIIIKUNDARAM 
Head of the I)cptt. of Mathematics 
Andlua UiuMiMty, Waltair. 

Shri CIS. BENNUR 
I’riiH'ipal 

Umvmily College of Education, Dliarw.tr. 

Prof. PATTED 

Piolessor of Mathematics 

University College ol Kdtuatimi, Dli.mv.it. 

l't or. J*. IIARHIARAN 
I hail of the Depti.of Matin nuths 
Kerala Umvmily, Trivandumi, 

Ptof. M, VEN'KA PAR AM AN 

Head of tin Deptt, til Mathematic s 

Madias Uimmity Kslnnion Outre, Madurai. 

Prof K.M. SAX ENA 

Head ol the Deptt. til Mathematic* 

Rauch! Univervitv, Ramin 

Prof. V D. THAWANI 

Head of thr Deptt, ol Matin mams 

Gauhaii UnivtiMty, Gaiiliali, 

Pror. N.l, GHOSH 

Head of the 1 leptt. of Mathematic i 

Ihndvvan Umi-mity, Ihudwao. 

Prof. R. M( IIIAN t'V 

Head ol the Deptt, nl Math'-wmici 

Kiivnisliavv College, Gmiank. 



Summer Institutes : Inaugural Address 

V.Y. Narlikar 

Chairman , Rajasthan Public Service Commission, Jaipur 


I THANK the organizers of the two 
Summer Institutes, for the honour 
that they have done me, by inviting me to 
deliver the inaugural address on this occa¬ 
sion Conscious of the plan and objectives 
of these Institutes wc all realise their 
importance. A necessary and sufficient 
condition for their success is the determi¬ 
nation of the participants to dciive the 
fullest advantage of the facilities offered 
under their auspices. Students of mathe¬ 
matics and science know that even good 
ideas fail to be fruitful for lack of a 
coordinating theory. Since ‘theory’means 
‘vision’ this reminds one of the old saying 
that where there is no vision the people 
perish. We have every reason, therefore, 
to feel grateful to the National Council 
of Educational Reseaich and Training, 
the University Grants Commission and 
the U.S. Agency and experts concerned, 
but for whose vision, the Institutes would 
not be coming into existence this 
summer 

We are all conscious of the pioblems 
of population explosion in this part of the 
world. But there is such a thing as igno¬ 
rance explosion which we cannot ignore 
If knowledge grows in the arithmetic 
progression ignorance grows in the 
geometric progression, This is tiue for 
men individually as well as collectively. 
In the 19 th century there were Universalists 
like Poincare who claimed the whole of 
mathematics as their province. Some 


ycais ago the late von Neumann remarked 
that he was not sure if any mathematician 
then living had much of a lelalionship 
to more than a quaiter of the known 
mathematics, A similar lemaik would 
l»c true about the limitations of the best 
theoretical physicists today, although, in 
the 19th century, Thomson and Tail, 
popuhnly known as ‘T and T, 1 ’ seemed 
it) be familiar with everything that was 
known of natural philosophy in their 
days. Do we not know that, in modern 
physics, when one unanswnrcl question 
is satisfied by a new theory ot new experi¬ 
mental findings, ten new questions crop 
up demanding an answer V 

On this backgiound we have to under¬ 
stand the difficulties and handicaps of the 
average teacher who is coniimucd, day 
after day, in his classroom with the task 
that comprises the four Cs. As he lias 
had no opportunities to replenish or 
refresh his knowledge of the subject he 
fares more like a stagnant pool than 
like a running stream of fresh water and 
is therefore unable to transmit vitality 
to his pupils. The four C!s with which 
he is concerned aic Communication and 
Control, Concentration and Ci cation. 
There is nothing more rewarding and 
joyful to the teacher than (lie light of 
understanding that suddenly floods the 
face of a pupil. This is the creative 
activity which he constantly aims at in 
the classroom. 


Inaugural address to the Summer Institutes in Physics and Mathematics Ahmedabad, June 9, 1964. 
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I will not take yenu lime talking mueli 
about Communication and Contiol. 

I would, howcvci, take ibis oppoiiumly 
to draw your attention In cybernetics, 
recognised as the creation mainly of the 
late Norbcil Wicuei. This is the subject 
which mathematics and physics teat has 
can piofitably sLudy, at least to understand 
the problem of putting human beings to 
human use, in a society that is dominated 
by machines. Sulhcc it to say that the 
teacher in the classioom has to cany 
on a conversation modifying his words, 
expressions and strategy by the reactions 
of his pupils. There is a two-way i oimnu- 
nication and a contiol on both the pat¬ 
ties. Thcic is no such eomnnmu ation 
and control when a set address is being 
read out as I am doing now But this 
two-way process of communication and 
control is m evidence when you icspoud 
in the morning to the family cat's demand 
and place a saueerful ol milk belore it, 
and the cal piotcsls against it because it 
is too diluted, and you pat ify llu: < at with 
some cicam, and eventually the eat laps 
it up thankfully and departs to oblige you 
with lat-contiol operations. 

In carrying on Ins conversation with 
the class the tcachct’s stuitegy is to locus 
the attention of the pupils on some point 
and make them concentrate cm it. There 
are attractions and distractions, in the 
class ancl outside, that obstruct the neces¬ 
sary concentration. The teacher has 
to be rich in the resnurt es of his head and 
heart if the eoneentiation is to last till 
the dawn of creative understanding. < )n 
the topics that he has to leach in mathe¬ 
matics or physics he must know much 
more than what the syllabus implies and 
he should be aware of a wider field of the 
subject with its relations to the topics 
-Felix Klein's lecLurcs on elementary 


mathematics horn an advanced stand¬ 
point on the tin re As i Aiiihinetie, Alge¬ 
bra ancl Analysisj and (irometiy ate 
well-known. So ate the books by Polya, 

1 1 ) IInw In Snlrr It and : 2 j A fnllit'main i 
and Plaunblr Rrasminu and many 
otheis written by eminent mathemati¬ 
cians like E.T. Bell, F..( b Titehmarsh, 
etc. ‘I he mathematics teat her has to 
take to such books as a tlmsly man takes 
to watei. If lie wants to know what 
modem mathematics is, their is a neat 
little at (tele by F. Smithies on the subject, 
followed by sex rial others in the December 
Iilli',5 number of the Mathrmatutil Clizrllc, 
Both the mathematics and physics 
truchris will find much of intnest and 
ptolil in evciy number ol the Siiinli/w 
Amrriian. '1 hr American Mulhmuilutil 
Mualhlv and Sni/il.i Mrithuiitilnu are 
other journals that have intuit of miriest 
to mu niideigiaduate leaehei. I hr 
Lain i»/ .Valuta by R . F. Pencils, 'Jhr 
Eiohtlinn af /ViywVr by A. Riustdu and 
L. Infeld and many other hooks can he 
mentioned which give the wider luck- 
ground that our physic steadier needs. I 
have no doubt that the expeits who 
would he adchessing you in the clays to 
come will give you valuable additional 
iniot niatinn about the literatim* that must 
be read. 

It is indeed veiy lot lunate that you 
will have tlie Summer Institutes lot both 
mathematics and physics woiking line. 
Modem mathematics and modern physics, 
both ate heavily indebted to each other. 
The use of Dime's S-ftuuuiou in the 
quantum theoty has led to the mathema¬ 
tical developments ol impiuper functions 
in the hands ol 1„ Sehxvai/ and otheis, 
Non-einnmulative algebra has let! to 
developments in the quantum theoty. 
Many such examples of mutual indebted- 
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ness can be given. One is reminded 
in this connection of the stoiy of the 
professor of classics at Oxfoid who was 
so steeped in his subject that lie did Ins 
thinking in Greek and Latin. When lie 
was asked what some of his thoughts 
meant he had to consult a dictionary 
fiist. The modem theoretical physicist 
is in no better position. He is in search 
of order out of disorder. He starts from 
axioms or postulates and hypotheses. 
He thinks in terms of symbols and his 
results are expressed in symbols, What 
the results mean he does not know. Heisen¬ 
berg and Dirac started in this way in 
their theoretical formulations of the 
quantum phenomena. Only experi¬ 
mental physicists could tell them if the. 
results implied by discovery of a new 
older in nature and only pure mathema¬ 
ticians could tell them what mathematical 
significance their results had Even in 
pure mathematics a lesearch worker may 
arrive at a new result the significance of 
which becomes clear only through the 
work of other mathematicians. 

Distinguishing between pure mathe¬ 
matics and applied mathematics it is 
sometimes stated that ‘1 + 1=2’ is a pro¬ 
position of pure mathematics while ‘one 
apple plus one apple equals two apples’ 
is a proposition of applied mathematics. 
The proof of the former proposition takes 
a number of pages of The Priticipia Mathe- 
matica and it cannot be understood 
without acquiring the necessary compe¬ 
tence in symbolic logic. As regards the 
latter proposition nothing like a proof 
is offered and a rigorous proof would be 
beyond the intellectual reach of a college 
freshman. The procedure is something 
like a recipe for making a pudding. One 
after another the various instructions are 


repeated and acted upon in a TV demon¬ 
stration and, when the pudding is ready, 
if you still ask foi the proof, yon arc told 
that the pi oof of the pudding is in the 
eating. The body of such demonstra¬ 
tions and veiiliealions which lack rigour 
(and which arc often used hi school and 
college teaching) Is contemptuously 
referred to as ‘tiivial mathematics’. 

The average teacher of mathematics 
has to ask himself the question whether 
many of his class demonstrations are not 
just illustration of ‘tiivial mathematics’, 

If he is asked to piovc that two right 
angles aie congiucnt he would cither 
consider it too obvious a pioposition to 
need a pi oof or lu v would elaborately 
piovicle a demonsliation which -would he 
nothing shorl of cooking the result. 
WiLhout a knowledge of the elements of 
the group theory he will not utuleistand 
a pioofhke the one given by helix Ivlcm 
in Ins book on Geometry. Slatidaids of 
rigorous proof have, changed. Many or 
the accepted proofs given by great 
mathematicians of the 19th century have 
had to be. given up as invalid. The 
modern mathematics teacher must be 
well up in rigour as well as vigour. If 
on one hand he cultivates a direct acquain¬ 
tance with functions, matrices, gioups, 
rings, topological structures, etc., lie must, 
on the other hand, be familiar with the 
historical approach lo the concept of a, 
function through Courier’s theory of heat 
conduction and -with the historical back¬ 
ground of other fundamental concepts. 
At the same time, the modern physics 
teacher should know enough about vectors 
and tensors to understand the broad 
conclusions of general relativity and 
enough about matrices and operators to 
understand what non-compatible obser- 
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vables are and what the piinciplc of 
complementarity means. This is essential 
if young men and women are to be 
adequately prepared for the. intellectual 
and technological advcntuies of the 
space age and nuclcai deterrents. 

You may have lieaid of the problem 
of the three bodies in celestial mechanics. 
You certainly have lieai d of the problem 
of three bodies, that is, of the eternal 
triangle for you have not read works ol 
fiction and visited the cinema m vain. 
But have you heaul of Kohler’s problem 
of the tlnee stones? Let us consider a 
stone in India, We. call it A. Tin¬ 
stone B is in Australia. The stone Cl is 
located in the U.S.A The three stones 
form a system. Is it a purely .summarise 
system of tlnee stones? If any one of 
them is distuibcd docs anything happen 
to either of the other two? If nothing 
happens it is just a stimulative system. 
Commonscnse says that nothing would 
happen to Ihe other two and agices that 
it is a summative system. Theoretical 
physics has, however, something dillcmu 
to say. 

The principle of the conservation of 
angular momentum as applied to the 
earth as a whole, including all of us on 
the terrestrial surface, makes it quite cleai 
that every time we go foi a walk we < lunge 
the length of the day. lea is to he 
constant and if there is a change in the 
angular momentum I there has to he a 
change in the length of the day, vi 
2w/w. The displacement of A or 11 or {,’ 
means a change in «. With a change m 
w the linear velocity with which each 
of A,B,G, moves about the axis of rotation 
changes. This produces change in the 
relative mass of each. At this stage some 
one may interrupt me and say that no 


such effect would arise if one of the tlnee 
stones is moved without altering the 
angular momentum L Well, it is possible 
that the displacement does not change 
the angular momentum. Hut has not 
somebody, of course, a poet said that the 
stars in then courses would quiver if a 
linger on the earth is shaken? I hr 
thcoietiral physicist subset dies to this 
opinion, hut, for his own icusotis. The 
meitia of a body depends upon the 
position and distulmtion of all the* othei 
bodies in the uttivetse If one of the tlnee 
stones is displaced their would he a 
change in the ineilia of evety otlin body 
m the ttniveise including the' two othet 
stones. 

You will see, thrirloic, that the theme- 
tical pity sit ist is something of a poet and 
a philosopher and he dors not ne»c.saiih 
move, in all that he thinks about, on the 
familiar plane of imimioiisense He ha¬ 
lo integrate the tomiuona'iiic which 
depends on the limited knowledge ol 
here-now-thus phenomena with the 
knowledge ol the long-iangc phenomena 
in space* and time, subject to the laws ol 
wot Id strueime. 

Art ni ding to Newton am! l.iiistrm the 
physical phenomena "| the sn|,u ss-aeni 
would lemain piailnallv me hanged if 
tite test ot the univeisr weir wtprd nut 
ol existence. But a« cm rime, in • n,r ol 
latest gtav ii.iiimi.il ihrmir, ‘the r.oth 
would he tried to a imp' it outs hall ihr 
distant paits ol ihc uuivec ,e ,ue wiped 
out I have i nine to know ■>( tin . thiough 
a pi is air* «otnnmnn ation tmm Hi J\ 
Naihkar, (.amliiidge. I his i» an illu. 
nation o| the glowing frndeut *, o, 
iiidentdy the * osmu al t mnpmient m the 
ioi ,tl physical etlec ts At the di . m u. 
*>n elemental \ pal (trie. held mulct the 
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auspices of the Royal ‘Society, London 
on Feb. 21 and 22, 1963, V.F. Weisskopf 
expressed the opinion that ‘gravity, 
electricity and the nuclear world might 
be ultimately connected by a principle 
which would link the world of very large 
dimensions with the structure of elemen¬ 
tary particles’. (Proceedings of the Royal 
Society Sec A, Vol. 278, p. 302, 1964) 

Like the theoretical physicist the 
mathematician also has to think on a 
plane which is often different from the 
plane of commonsense. Here again we 
can think of a thought experiment. This 
will not require as drastic a step as wiping 
out the whole oi half of the whole of the 
matter outside the solar system. We 
can imagine a box and an infinite number 
of small identical tokens differing only 
in the number maik carried by each. 
Corresponding to each of the natuial 
numbers 1,2,3,.. <*= there is a token. At 1 
minute to 12, the tokens marked 1 to 10 
are put into the box and immediately 
token No. 1 is taken out. That means 
only 9 tokens are in the box At £ of a 
minute to 12, the tokens marked 11 to 
20 are put in but immediately token No. 2 
is taken out At 1/3 of a minute to 12, 
the tokens marked 21 to 30 are put in but 
token No. 3 is taken out At this stage 
27 tokens are in the box. At 1/1000 of 
a minute to 12, tokens marked 9991 to 
10,000 are put in but token No, 1000 is 
taken out. There will be now 9000 
tokens left in the box, The question is, 
what would happen exactly at 12 ? The 
mathematician says that the box would 
be completely empty, no token being left 
in it. CommOnsense says that the tokens 
are piling up in heaps of 9, 18, 27, 36, .. 
90000 and so on and so forth. How can 
they all disappear ? The mathematician’s 
answer contradicts commonsense. 


Another way of looking at it brings us to 
the conclusion that there must be nine 
times as many in the box as outside. 
To prove that he is l ight the mathematician 
proceeds as follows. Suppose that a 
token hearing the mark n is left in the box 
at 12. But this is not possible since the 
same was taken out when it was 1/a of 
a minute to 12. Now put n-~ 1,2,..« and 
you will lincl that no token is left in the box, 
The modern teachers of mathematics 
and physics must be prepared foi thought 
adventuics which arc likely to be obstruc¬ 
ted by what is called commonsense oi 
intuition. He has to cultivate the habit 
of thinking logically within the framework 
of his axioms m postulates and hypo¬ 
theses. He has to be careful that he does 
not attach new and unwarranted meanings 
to terms. If he is confuuilecl in his work 
with xy and vx he should not jump to 
the conclusion that on-v.v, For, who 
knows? x may mean listening to the 
inaugural address and j may mean taking 
the tea. You will agree with me that first 
listening to the inaugural address and 
then taking the tea is not the same as first 
taking the tea and then listening to the 
inaugural address. Sticking to symbols 
the mathematician is pcifcctly non- 
committed about them in as much as lie 
does not know whal he is talking about 
nor whether what lie says is true. In as 
much as the physicist resorts to words 
he must be quite clear what lie Is talking 
about and whether whal he says is true. 

Earlier I have spoken to you of the four 
Gs of education. The two-way communi¬ 
cation and control are necessary to deve¬ 
lop the concentration of mind which is 
indispensable for all creation. The physics 
teacher has to resort to thought ex¬ 
periments and practical to fix the attention 
of his pupil on the subject matter. 
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Behind every laboratory experiment there 
is a thought experiment but every thought 
experiment cannot necessarily be transla¬ 
ted into a laboratary experiment The 
thought experiment disc loses the. logic 
of ideas but limitations of spare. 
Lime and matter as well as human 
limitations may make it impossible to 
translate a thought experiment into a 
laboratory experiment. Kelvin was able 
to make important contributions to physir s 
through his thought experiments. In a 
class demonstration his experiment 
normally failed because he was no good 
at practical, He had to appeal to his 
audience to foigct what lie had demons¬ 
trated and to lcmembn what iemits 
Faraday had obtained in a similut experi¬ 
ment. Kelvin was not mueh of a sueee-s 
as a teacher. It is the responsibility 
of the average physics teacher to plan 
the practical* well so that pupils ran 
perfoim successfully simple eonviiuiug 
experiments and their imagination is liicd 
by what they see of naluial pi messes 
and laws, Experimental physics has 
its victories no less iniowned than 
theoretical physics 

Befoie I sil down 1 must tell you ol the 
great transformation that came mn 
Einstein, when he attended the Solway 
Gongiess of 1911. lie had already made 
a name by his papers on special relali- 
vity, ligliL photons. Brownian motion, etc, 
He was of the view that the laws of nature 


must he simple and tapable »>l bring 
expressed by simple matlu matn al for 
inulae, Whalrw’i work hr had dlfadv 
done was her itoin rninphiatrd tna'hr- 
maties. lie wa , however, mipierd 
liy (hr surer .slid application of lindut 
mathematic- to pin u , in sr.eul pap* r 
that Were read u» file < ojigrr Hi 
own work on the thco|\ ol gravitati'-i, had 
tome to a standstill Ins want ol limit'd 
malheiuatii al ideas Hr hr tame 
<eil that lie tnitlrl make piMgtr , oj,h wiri; 
the aid of higher nulla truth He v«u 
then ad', r ed !n mid*, i t ,dt oh. 

and Riniiaimtau ftinmiUs IS.: r 

allied him, alter a lev. u'i: , , r a 

trie "i humiliation *iJ hr tU“ n > ! -mr. j'u 
lit hi that i- know 0 it , J < ti,lai't,il 
lelatnrty. When t.rn *rin ' i > i , p;, 
-tlldy ol l<'ii •<! t ah a!"} i.r h.i 
ihii ty-lvwi 

In the win Id >-t in idmii d> am 1 ,,« r 
tiling, are moun,; m la * n >w tha" i rt. 
one lie he a .«hoo| jr.o 5 e r a ,m,i < 
sity pinir mh) ha ,dw,r« < t * !■ e „ )«a 
things to keejt abjf i “ -5 sum' V . 

are. liuhrd, *.m HtiiioU'e. hi,,,a.; 'So 
M'soimc. oj rhe Nnmne , In u'„'i 
open to von 1 w: h *. <u a pj ,v ,,, 1 r 
titlie. an cviiliu; *u»< s,; i< 
things and 1 hope *Jj?i , i 

per a- \<or will . air, w ri, . • 4 si. , ■ * 

uni heirn umh 1 ( 11 ni,at,: 'k'.* 1 , 

d,i\ la-k 0} re ('Inn ■, a.'S' sri'-v; ,, t 

ale loiiinned 
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GENERAL SCIENCE TEXTBOOK PANEL 

HE third meeting of the General 
Science Panel was held at the 
National Geophysical Research Institute, 
Hyderabad, from January 28 to 31, 1965. 

The materials piepated by the members 
present in the meeting were read and 
thoroughly discussed Several modifica¬ 
tions were suggested. 

The materials prepared by Dr. Kapoor 
and Dr. Saxena could not be discussed on 
account of shortage of time. Copies of 
the materials prepared by Dr. Saxena 
were given to Dr. Krislum Bahadur, Dr. 
Venkatsubban and Shri Watts for their 
opinion. They were requested to send 
their comments to the Secretary of the 
Panel at Delhi by February 15 1965. 
These comments would be discussed 
with Dr. Saxena when they are received 
The Panel met again at Delhi for two 
days on 1 and 2 March 1965 in the 
Department of Science Education. The 
materials not discussed in the Hyderabad 
meeting were taken up at this meeting 
Final drafts of materials prepared by 
other members were considered and the 
syllabus completed for starting the wri¬ 
ting of the textbook. It was decided to 
hold a writing Workshop at Nainital For 
two weeks in the month of May, 1965. 
The chapters written, discussed and com¬ 
pleted at Nainital, will be taught at a 
seminar of secondary school teachers, 
preferably at Hyderabad in the month of 
June, 1965 as a try-out. The feed-back 
in the seminar will help to modify the 


chapters wiitten by mnnbrts and taught 
by them. 

BIOLOGY TEXTBOOK PANEL 
The second section of the textbook 
Biology. .1 7 e\fhmk ju\ Higher Secondary 
Schools was published in the last 
week of January, l%fi, This section 
is titled ‘The Divio sity of Plant Life'. 
In its 1-1 chapters it deals with the 
structure, economic importance, life 
histoiy and other features of the different 
gt mips of plants. The. main theme 
throughout the. book is an evolutionary 
one. The book lias been leviewed else- 
whcic in this journal. 

Section III of the book entitled ‘The 
Diversity of Animal Life’ was prepared 
for the pi css and is now under print. It 
consists of 14 chapters and deals with the 
different classes of vertebrates first and 
later with the invertebrates. The frog 
and the human organizms are dealt with 
in detail but representatives of other groups 
with common Indian examples are des¬ 
cribed in the other chapters. 

The subsequent sections, via., IV, V,VI 
and VII will be printed as one. part and 
this will be sent to the press in a couple 
of months. By the beginning of the next 
school year, it is hoped to bring out the 
entire book in a liaid bound form. 

SCIENCE TALENT SEARCH SCHEME 

The Science Talent Search Examina¬ 
tion, 1965 was held on January 3, 1965 at 
315 centres distributed all over the 
country. 6380 candidates took part in 
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the examination this year as against 6894 
in 1964. 

Five regional workshops were held at 
Calcutta, Lucknow, Ahmcdabad, Hydera¬ 
bad and Delhi as part of the follow-up 
programme foi the awardees of Science 
Talent Search Scheme selected in 1963-61 

These workshops were arranged at 
University centres with a Professor as 
director and other teachers as resource 
persons. 210 awardees participated in 
all these live workshops 

Lectuies in the live main branches ol 
science, namely physics, chemistry, mathe¬ 
matics, zoology and botany wete given by 
outstanding teachers of the universities 
and research institutes. This was followed 
by practical in science and workshop 
practice. The awardees were also taken 
to places of scientific interest. Films oil 
scientific topics obtained from the US IS 
libraries were screened. Individual and 
group discussions formed an important 
part of the lectures during the entire period 
of the workshop. Certain special lectures 
by eminent scientists were also arranged. 

Attempts were also made to evaluate 
the outcome of these workshops to enable 
the Department of Science Education to 
organise Summer Schools for the talented 
children to be held in different centres 
during the summer vacations. 

Preliminary arrangements are being 
made to conduct the first Summer 
Schools for the awardees of the Science 
Talent Search Scheme in different /.ones 
of India during the summer of 1963. 

SCIENCE CLUBS AND SCIENCE FAIRS 

During the past year, efforts were made 
to strengthen the programme of serene c 
clubs and science fairs in various ways. 
A fresh batch of 116 science clubs 


were started in different schools of the 
country. 

In order to create enthusiasm for Science 
Club acLivity, Science, Fairs at the levels 
of district, icgional and stale were 
mgani/.ed. With the help of District 
Educational Officers about 286 District 
Level Faiis have 1 already been held till 
now. 

The activity has thus reached most of 
the schools teaching science. Regional 
Scienc e Fans have been organized in about 
76 centres, each covering louglily 3 to 4 
districts In these fairs, exhibits ad¬ 
judged good in the disti iet level finis wen* 
exhibited besides a lot of other scientific 
activity and companions. As a pilot 
piojeet, Slate Level Science Fans were 
otgani/.rcl in the States of My ,hoi c and the 
Punjab. The fair in Punjab at Uhaudigarh 
was inaugurated by the lion. Minister 
for Education, Shri M.CJ. C'hagla. 

It is felt that co-r.urricular activities m 
science organized through the science 
clubs to promote creative work and edu¬ 
cation in basic skills have been greatly 
strengthened through the science, fairs. 

SUPPLEMENTARY UK\DERS 

The Department has drawn up a pro- 
giamme. of preparation of .Supplementary 
Rcadcis for the school students, A 
number of titles covering different as¬ 
pects from various fields of science, includ¬ 
ing tlu: life* and work of eminent Indian 
scientists have been taken up. The 
authors who are writing these Readers are 
specialists in the fields, they have chosen. 

Manuscripts lor the following titles 
have already been reeieved and these are 
being prepared for the press, 
ij The Story of Oil. 
n; Rocks Unfold the Past. 
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iii) The Life and Work of M.N. Saha 

iv) Bird Migration. 

UNESCO TItOHNIO,VI, V-MM W 1 
PROGRAM ME 

Under the UNESCO Technical Assis¬ 
tance Programme, the following cxpci is 
arrived in Januaiy lUfif) and will he v.oik- 
ing with the Department of Science Edu¬ 
cation, 

Mr. A.V. Bruonkii snov —I’Jiysir*> 

Mr. V.Q,. Gnoucnr.NK.ov—Chemistry 


1'iidri dm .mm i Jirrnr iwo mcmlwr 

>-l rim 1 Irp.u•**>* n*. Shu X K. Sanyalaw: 
Ik. K X” S,i.,FS...), ha*.e tell fm IJ.S.SR, 
(<ii a ".n* tlueo ui-T hey wii 
l*l»Sv dm Jo- :!:• ji *-t Si »rn< e Lducatio- 
iti tlui (M'udi-i ni thru irpntivefA 
limi rvpeiiriif r v,ill briny tncfnlvliti 
tiny tome ha k m implementing somt 
pimtiaunnr '>1 nm own 1 Irp.ntrnent. 


Juki Hrloased $ 

REPRINTS IN BIOLOGY 

B.S.G.S. Biological Science: An Inquiry Into Life (Textbook) \ 

Pp. 71)'), Price ‘. Us, UriKI | 

B.S.G.S. Biological Science: An Inquiry Into Life (Teacher's Manual) j 

Pp. Kid. Pi ire : Hr. 1.00 ! 

B.S.G.S. Biological Science; An Inquiry Into Life (Student Labora¬ 
tory Guide) 

Pji. Pi ice : Rv 2.00 
B.S.G.S. Biological Science: An Inquiry Into Life (Teacher’s Manual 

for student Laboratory Guide) 
Pp. 302. Price : Rs, 2.50 

These four books were prepared by the Biological Hcienc.es Curri¬ 
culum Study of America and published by Harccmrt, Brace & World, 
Inc., USA. Now these are reprinted in India by the National Council 
of Educational Research and Training, New Delhi. 

ORDER TOUR COPIES FROM : 

The Chief Publication Officer, 

National Council of Educational 
Research and Training, 

114-—Sunder Nagar, 

New Delhi—11. 
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Biology: A Textbook for Higher 
Secondary Schools. Section 2. The 
Divcisity of Plant life. P. Matilsii- 
wari and M anoiiar L VI, (cd.) 
National Council of Educational 
Rcsclu ch and Training, New Delhi, 
pp. vii+114; Rs 2 75. 190-1 

T HE fusL section of the hook was 
released in eaily September. A 
brief account of this publication along with 
the backgiound ol the textbook pro¬ 
gramme of the Council was repotted 
in the picvious issue of School St mice, 
Section I of the book intioclucod the 
subject of biology to the students, de¬ 
scribed the vaiicly of plant and animal 
life and generally prepared the pupil for 
a moic detailed study in later sections. 

Section II of this book, just released, 
acquaints the leaders tluough its fourteen 
chapters with the divcisity of plant life in 
more detail. The more familiar plants 
are taken up first. These arc the seed 
plants (higher plants including angios- 
perms and gymnosperms), which include 
trees found m fields and finest,s and which 
provide mankind with his three basic, 
necessities—food, shelter and clothing. 

The first chapter gives an idea of the 
general organization of the angiospeirn 
plant. The subsequent chapters give a 
more detailed information on the form, 
structure and function of the individual 
plant organs, such as the root, stem, leaf, 
flower and seed. The later chapters deal 


with the lower plant gioups, from the virus 
and bactciia to the pteiidopbytes, The 
mam theme running tluough the chaptcis 
is the evolutionary process—how plants 
have giadually evolved fiorn simple to 
more complex forms The climax of tins 
piocess is seen in the seed plants The 
study has been slatted with the most 
highly advanced group for the obvious 
reason that these plant types arc readily 
available, are easy to woik with and olfer 
an excellent oppoi trinity to study nature 
in all her richness of beauty and vaucLy. 

The Panel is making dibits to bring out 
the. remaining live sections of the book in 
quick succession 

Investigating with Children: Each 
vol. 96 pages. 

Vol. 1. Living things] J.R. Wah.es, 
Vol. 2. The Earth, Hun Bell 
Vol. 3 Atoms and Molecules, S. 

T RIEGER 

Vol. 4. Motion, L. E. Dunn 
Vol, 5. Energy in waves, L.T. Cox 
Vol. G. Space, A.L. Costa. 

National .Science Teachers Associa¬ 
tion and National Aeronautics and 
Space Administration. Teachers Publish¬ 
ing Corporation, Darien, Connecticut. 
1%-1 (India Book House, New Delhi) 

T HE scientific era in which we live 
demand that children in the elemen¬ 
tal v schools have a variety of real science 
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experiences that lead them to an under¬ 
standing of the world about them. 
Through a variety of science experiences, 
each individual wilt come to understand 
and to use scientific processes and .skill, 
as well as to accpiire the specific science 
learnings that will help him intelligently. 

It is recognized on all hands that a 
science teacher of the present day should 
be alert, up-to-date in his knowledge and 
be ready to answei all questions that are 
asked of him by the pupils. Children’s 
questions know no bounds. They arc ask¬ 
ing questions constantly and these can he 
answered through numerous activities. 
Textbook alone is not enough for a 
teacher to fall back upon. He is to be 
provided with a guide book and a book 
of activities. He should also be. supplied 
with background knowledge. 

The six handbooks for the teaching of 
science in the elementary school satisfy 
to a great extent all the demands cited 
above. The ‘discovery appioacli’ is 
used throughout. Teachers are provided 
with questions and suggestions to stimulate 
further investigation. The subject matter 
is compact, easy to understand. Each 
book contains 60-120 scientific demonstra¬ 
tions and activities supported by over 90 
illustrations. 

Each book covers one area of science and 
moves from simple concepts to more 
complex ones and hence the teacher will 
find the book suitable for all grades. 

At the beginning of each chapter are 
questions that children of different ages 
might ask. Answers to these are found 
when children do the activities. The 
teacher is also supplied with answers to 
other questions. These will help teachers 
as they guide the children’s learning. 


The activities are grouped as X for 
those intended for beginners; T for those 
requite a little, mote skill, and Z for those 
involving moic complex thought pattern, 
Kaeh chapter concludes with a summary 
of the main ideas developed in the book. 
Their are also lcfercm es for further read¬ 
ing. 

The books, tin nigh intended for 
American schools will be found useful by 
teachers line and more so by those who 
aie. developing and writing guide books 
for .science teaeheis in India. 

Biology for the Citizen. Rl III, Douglas, 
The Modern Living Series, Odhams 
Press Ltd., Long Acre, London, 1957, 
pp. 176, 0 s, (id. 

I T is now fairly agreed that every student 
should have some knowledge of science 
before he leaves school. In this Age of 
Science every citizen should be literate in 
science. And no one will be considered 
educated unless he knows something 
about himself and the living things around 
him. In other words literacy in science 
should include literacy in biology. There 
are many outstanding biological problems 
which have to be dealt with—food supply, 
population balance, the mentally defi¬ 
cient, diseases, to mention only a few. 
If we are to survive, these problems must 
be solved. The biology that is taught in 
schools should touch aspects of our daily 
life and behaviour. Biology for ihe Citizen 
sketches a picture of biology as it affects 
Man. 

The book has ten chapters. The first 
deals with a short account of the geological 
history and this is followed by evolution. 
From the first primitive Amoeba feeding, 
growing and dividing in a primeval pond 
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we watch the whole parade of life's 
evolution—the fishes, reptiles, amphibians, 
birds, animals and plants in all then 
variety. In the next three chapters, the 
wonders of the human body, its structure 
and functions; reproduction, development 
and heredity aie described. 

The othci subjects of vital mteiest in¬ 
cluded are the problem of food supply in 
relation to population; behaviour patterns 
in humans, animals and plants, health 
and disease, moulds, bacteria and viiuses. 

The outline of biology presented here 
is m simple language with few technical 
terms, that every intelligent citizen can 
easily follow with inieiest and pleasure. 

S. nOHAISWAMl 

Nobel Prize Winners in Chemistry 
1901-1961 Edward F'arhur, Abelard 
Schuman Limited, New York. pp. 
vii+341 $6.50. 19(13. 

D R, ALFRED NOBEL’S will, to 
give prizes to outstanding and dis¬ 
tinguished scientists, on their achievement 
in the field of science has been carried 
out by the Nobel Foundation, since the. 
beginning of the twentieth century 

The Nobel Committee of Royal Swedish 
Academy of Sciences, Stockholm selects 
the prizewinners in the different fields of 
science and so they did in chemistry. 
The appreciation and encouragement 
given to these men who made what their 
colleagues considered the. greatest con¬ 
tribution to the advancement of che¬ 
mistry, stimulated the progress of srienee 
and humanity. 

The life and the work of the Nobel 
Prize winners in chemistry from 1901 to 
1961 has been dealt with in this book. 


The life sketches will iuspiic the stu¬ 
dents and the, teaehns in scientific dh- 
eoveiics and industtial appliratinns by 
knowing the migin of interest, consistent 
efforts, the human fartoi and the condi¬ 
tions under with h these weie achieved. 

Some of the stones of gieat events in 
dicmistiy, tlieii migin in gieat personali¬ 
ties and theii ioIc in mu lives, have also 
been dealt with in this hook Though 
this hook does not give the systematic, 
complete* history of ehemistn in the 20th 
leutiuy, it helps to gain knowledge, 
and inspualion horn tin* previous achieve¬ 
ments. 

The. description of tin wink given m 
this hook has been taken mostly limit the 
lectures ddivcicd at the lime the prizes 
wei e awarded. This book will be useful 
for the, students and the teacheis to know 
about the subject as well as the lives 
of the great chemists of the world. 

K.S. ])II \NPAKI 

Harper Encyclopaedia of Science. 

Nfavman Jamjs R. (ed.) Harper and 
Row, NcwYoik. 1963 

\ N encyclopaedia should cover the. 
** scope, depth and details of treat¬ 
ment set by its editors and the contri¬ 
butors, since an encylopacdia almost like 
an anthology is a work of compiomisc, 
selection, preference and taste. Hamper En¬ 
cyclopaedia is a compendium of moderate 
length which covers almost the, complete 
spectrum of science, Good-length and 
integrated articles on suitably selected 
topics, with emphasis on explanations 
rather than on mere cataloguing of facts, 
differentiate this encyclopaedia from those 
giving multitudinous dictionary entries. 

As a reference work, planned to cover 
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physical sciences as well as mathematics, 
logic, the history of philosophy of sciences, 
and the. lives nf leading scientists, it is a 
unique encylopaedia. Tt ran well be said 
that such a single work was not available 
earlier. 

The addition in a school library of 
this encyclopaedia available in four volu¬ 
mes, covering H80 pages with 2,500 illus¬ 
trations out of which 250 are in colour, 
should he highly useful for making easy 
references, both by the teachers and the 
taught, on scientific topics including the 
most recent topics. 

k.j. khurana 

Semimicro Chemistry, A High 
School Laboratory Course, Dk 

Biusynh K. I., Kirk R.K. and Bh:rs 
L.D. Hour, Rinehart and Winston, 
Inc., New York, 1902. (India Book 
House, New Delhi) 

T HIS practical course, in chemistry 
for the secondary schools of USA 
employs semimicro apparatus in place of 
conventional glassware. This is econo¬ 
mical both from the point of view of re¬ 
curring expenditure on chemicals and the 
reduced cost of the equipment. On the 
whole the use of semimicro apparatus 
requires less of bench and cupboard space 
and is tidier. 

The range of the contents cover the 
higher secondary syllabi of our school 
adequately and in certain cases even more. 
Instead of an emphasis on repetitive 
qualititive analysis and mere preparation 
and properties of certain gases and com¬ 
pounds, there is gradual development 
of the study of chemical phenomena star¬ 
ting with laboratory techniques, pro¬ 
cesses, study of physical phenomena 
about matter followed by quantitative 


relationships in chemical changes. Then * 
follows a study of reactions of certain j 
elements and their important compounds ' 
and elements of qualitative analysis. The ' 
experiments are well-linked with the 
development of the subject matter in 
theory. 

There are useful experiments on col¬ 
loids, thermite reaction, chemistry of 
photography, chemistry of foods, conduc¬ 
tivity, fcimentation and ionization which 
normally a secondary student docs not 
perform in the elassimnn though he may 
study it in theory. These may easily 
lie incorporated for individual work in our 
schools. New ideas like simple chroma- . 
tography are also included which arc 
very useful as introduction to tcsearch 
technique. 

Each experiment has an introduction 
in the form of a preview. The procedure 
is given in simple language, in distinct steps 
with suitable illustrations wherever neces¬ 
sary. A welcome feature is the number 
of questions at the end of each experiment 
which enables the student to assess his 
experiment and also understand the basic 
concepts. At the end there is provision 
for exercise in writing equations. 

A list of apparatus and materials needed 
for this course appears at the end. 

The book is organized with G3 experi¬ 
ments generally following the arrange¬ 
ment of topics in Modern Chemistry by 
Dull, Metcalfe and Williams, but it can 
be used with advantage with any standard 
chemistry book for the higher secondary 
stage. 

This book will prove useful if it is 
published as Indian editions at low cost. 

N.K. SANYAl 
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Isotopes In Medicine 

A.. Nagaratnam 

Institute of Nuclear Medicine and Allied Sciences , Delhi 


INTRODUCTION 

ODERN medicine is the meeting place 
of many sciences. The methods, 
techniques and instruments developed by 
biologists, chemists and physicists are being 
applied by the clinician in understanding and 
conquering disease, A supreme example 
of such an application is the field of nuclear 
medicine. The availability of radioisotopic 
techniques to the medical scientist in the 
past two decades has led to exceptional 
advances in the field of clinical medicine 
and research. Radioisoiopes have proved 
to be an extremely valuable tool in the diag¬ 
nosis of many disorders as well as in therapy. 
Tracer techniques are giving us deep 
insight into the problems of metabolism of 
various substances in health and disease, 
virus infections, immunology, ageing, 
heredity, cancers, bionomics of insects 
and disease-carrying organisms, etc. They 
have provided us with a better under¬ 
standing of the site and mode of action of 
drugs. Powerful gamma radiation sources 
are being employed for the sterilisation of 
drugs, needles, syringes, catheters, scalpels, 
dressings, etc. The rjwcr techniques of 
neutron aedvation analysis promise to be of 
great use in forensic medicine. For in¬ 
stance, it has recently been shown by aetiva- 
tion analysis of the hair of Napolean that he 
was poisoned by arsenic given over a period 
of time in small doses. 


THE TRACER TECHNIQUE IN CLINICAL 
INVESTIGATION 

By far the most important medical 
application of radioisotopes arc their use as 
tracer atoms inside the body. Chemically 
a radioisotope is no difl'cient from its 
normal counterpart. Thus so far as the 
human body is concerned, the biochemical 
and metabolic behaviour of the radioisotope 
is similar to that of the stable atoms of 
the same element. But the atoms of the 
radioisotope act like miniature X-ray 
apparatus, the radiations from which can 
be detected and measured by suitable instru¬ 
ments (like Geiger counter or scintillation 
counter). Thus they act as labels or tracers 
which help us to follow the course of the 
normal dement in question. By the use of 
gamma emitting isotopes, the activity inside 
the body can be detected by instruments 
located outside (in vivo counting). 

A tracer must be introduced in low 
enough amount as not to interfere with 
normal metabolism. This is generally the 
case. For instance, die weight of radio¬ 
iodine even as a tracer dose for thyroid 
function studies would be only about 10 10 
grams and would thus not at all interfere 
with the normal metabolism of iodine, 
Further, it is important that the radiation 
dose that the subject receives as a rasult of 
the tracer study should be reduced to a 
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minimum. Fortunately, unlay, by a cum 
binauon of suitable iwttopcs and "cm-nive 
instrumentation it is possible to conduct any 
type of tracer investigation without Mihiccting 
the patient to significant doses. 

With the availability of a variety of radio¬ 
isotopes from the Apsara and Canada-India 
reactors at the Atomic Energy Establish¬ 
ment, Bombay, the last few years have 
witnessed a great advance in radioisotopic 
work in the biomedical and clinical fields 
in our country. 

Types of Tracer Invcui^atwns 

The types of clinical investigations for 
research or diagnosis using radioisotopes may 
be classified broadly as: (ij isotope 
dilution; (ii) circulation; and Cm’, localisation 
studies. 

The dilution technique is used to measure 
the volume of a compartment of the body 
or the total amount of substance present in 
such a compartment. A known activity is 
injected into the compartment and allowed 
to mix thoroughly. A diluted sample is 
then withdrawn for assay, From a know¬ 
ledge of the total activity injected and the 
activity and volume of the diluted sample, 
total size of the compartment may be 
estimated, An example of such an analysis 
is the determination of blood volume, 
which is described subsequently. Circula¬ 
tion studies help trace the course of radio¬ 
isotope in time and space inside the body. 
Localisation, studies give information on how 
a radioisotope is concentrated and distri¬ 
buted in any particular organ. 

We will next briefly review the areas 
where radioisotopes have proved their worth 
as diagnostic aids. 


Riuht ii'Jiuc, 111 Thy* aid DiwrJcn 

'lhe thy mid is a small gland situated in 
the neck region. It manufactures a hor¬ 
mone, thyroxine, which controls normal 
growth and the maintenance of mental and 
bodily functions. If it is ovcractivc (hyper¬ 
thyroidism! the person has a rapid pulse, 
tremors, loss of weight, restlessness, etc. 
Ii undeiactive (hypothyroidism) he has 
dry hair, obesity and sluggishness of all 
mental and bodily fun.dons, 

Iodine is an essential constituent oi 
thyroxine. We normally get as much 
iodine as we need in our drinking water 
and foods. However, if there is a shortage of 
iodine, the gland grows to an enormous size 
in its attempt to grab all the iodine it can 
(goitre), 

Thyroid function can conveniently be 
assessed by giving the subject a small cap¬ 
sule containing a tracer dose of radioiodine 
(I <3 ’ ) and measuring the extent of uptake 
of I 131 by the thyroid after a definite time. 
This is done by a suitably placed scintilla¬ 
tion counrer near the neck. Such a ‘radio- 
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iodine uptake test’ tells whether the thyroid have cuied goitre, as far back as 3000 years 
,s normal, over- or under-active. The by eating burnt sponges from the sea, 

which ate a rich source of iodine.) 



Fig. 2. Woman with goitre (left). Map of India showing endemic goitre regions (right) 


average uptake at 24 hours after an oral dose 
is about 40 per cent of the original dose in 
normals, in hyper-thyroidism over 70 per 
cent and in hypothyroids under 30 per cent. 

The Himalayan range inclusive of the 
foothills and adjacent areas are well known for 
a high incidence of goitre. Goitrous patients 
from the endemic areas are being investigated 
with the aid of radioisotopic and other 
techniques. The results of the investigations 
have been interpreted as an indication 
of iodine hunger of the gland, probably 
caused by iodine deficiency in the soil and 
water. In some families a genetic component 
appears to be perpetrating goitre, along 
with iodine deficiency. It seems that much 
can be done to prevent goitre by ensuring an 
adequate supply of iodine in the diet of the 
population of the endemic areas as a prophy¬ 
lactic measure. (The Chinese are said to 


If we want to know how the iodine is 
distributed in the gland, whether the gland 

iiimn—u 1 in ww w'*"”"" 



Fig. 3. Thyroid gland being scanned by cliniscanner 
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Fig. 4 a Fig. 4 b 

Fig, 4 a and b. Scan shows pattern nf radioactivity concentration in thyroid tiBaue 


is large or small, whether some parts of it 
arc more or less active than normal, a scan 
of the thyroid is done with an instrument 
known as scanner, after a tracer dose is 
given. The whole of the neck area is 
scanned from side to side stepwise with 
scintillation counter which is 'collimated' 
to see only a narrow region. As the counter 
scans the area, the activity seen by it at 
every part is automatically recorded on a 


special recording paper. At the end of tie 
scan, we get a picture of the functioning 
thyroid tissue, aberrant thyroids, over- 
and undcraetivc nodules, etc. 

Cardiac Function 

In heart function tests, a small dose of 
human scrum albumin tagged with radio- 
iodine is injected into a vein while a detector 



Fig. 5. Cardiac function studies being carried out by injecting I 131 - 
tagged human serum albumin and recording radioactivity over 
the heart 
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placed over the heart continuously records 
the radioactivily m the heart region. As the 
bolus of injected radioactivity reaches the 
heart, there is an immediate jump in the 
record of the heart activity which then falls 
down as the blood is pumped from the heart 
to the lungs. With the return of the 
oxygenated blood from the lungs back to 
the heart there is a second rise in the curve, 
followed by a fall as the blood is pumped 
out. Such a hadio-cardiogram’ shows the 
changes in action of the heart clvambeis 
and gives information on the pumping 
capacity of the heart, cardiac insufficiencies, 
etc. 


one to view each kidney. A small quantity 
of the labelled liippuran is injected intra¬ 
venously and the vaiiation of activity over 
each kidney is simultaneously recorded by 
automatic recorders. An examination of the 
two records immediately reveals the presence 
of any abnormalities of function. 

Liver Function 

The dye Rose Bengal is selectively taken 
up by the liver. Liver function may 
therefore be assessed by injection of I 131 - 
tagged Rose Bengal. In noimals the liver 
uptake (as determined by a suitably posi- 



Big. 0. Illustration of radioisotope renograms for kidney function studies 


Kidney Function 

Kidney function studies can be carried 
out very simply by the use of radioiodine- 
labelled hippuran, a substance which is 
taken up by the kidneys extremely rapidly 
from the blood. Two scintillation counters 
are positioned at the back of the subject. 


tioned scintillation detector) rises to a 
maximum of 5 minutes after injection and 
then falls. If liver function is impaired 
maximum uptake is low and falls only 
slowly. Where necessary, die liver may 
also be scanned to locate non-functioning 
liver lesions which are usually can¬ 
cerous. 



£8 


It* M ‘il Vu 


Circulation SfuJict 

Whether blood flow to all parts of the 
bojy it normal may be • imply determined 
Ming radiowhiitim <.Na 5 *;. A ‘■mall amount 
of Ma* 4 is injected into an arm; the lime 
taken for the activity to appear in the left 
•'which it about half a minute in normals' 
reveals the state of the flow • the exact 
location of a block, if any, can also be 
pinpointed- Circulation times arc altered 
in some disease conditions. 

hmitigaibn of Blood Disorders 

For determination of Wood volume a 
known small amount of radmiodinatcd human 
scrum albumin is injected intravenously 
and sufficient time (15 minutes) allowed 
for this to mix uniformly with the entire 
volume of blood in the body. A sample of 
blood is then withdrawn and its activity 
determined, By this means the degree of 
dilution of the original activity by the blood 
pool can be determined and this gives 
immediately the blood volume. 

To determine the red cell mass, a small 
amount of the patient’s blood is withdrawn 
and incubated for about half an hour with 
radioactive chromium in the form of sodium 
chromate. This labels the red blood cells 
with Cr 51 . At the end of this period the 
activity of the tagged blood is determined 
and it is then injected back into the patient. 
After a sufficient time for mixing, a sample 
of blood is withdrawn and assayed for radio¬ 
activity. From this it is possible to estimate 
the red cell mass. 

The same test can also be used for the 
determination of red cell life. This is 
useful in the diagnosis of different types 
of anaemia as well as for detection of blood 


in t-.r-cs of gastrointestinal bleeding, 
The average life of a normal red cell is 
about 120 days, after which it goes out of' 
circulation. Now when a red cell dies tie 
Cr'' docs not attach itself to another cell 
but passes out of the body. So the rate of 
decay of activity in blood measures the 
survival time of the red cells. Half-life 
of Cr'Mabellcd red cells is about 26 days 
in normals while it is considerably reduced 
in leukaemia or anaemia. 

In certain types of anaemias, it is impor¬ 
tant to determine the site of destruction of 
red cells, If the spleen plays an active 
part in red cell destruction, then splenectomy 
will help. Such information can be gained 
hy counting over a period of several days the 
build-up of activity over the spLeen and liver 

labelled iron (Fe 59 ) has also found, 
great use in the study of blood disorders,, 
Iron is an important constituent of haemo¬ 
globin in the red cell. Iron deficiency, 
causes anaemia. When a tracer dose of Fe 9 
is given intravenously, it goes slowly! 
from blood to the bone marrow. In the' 
bone marrow the iron is incorporated into 
the red blood cells, which come out into the 
circulation after a few days. Most of tit 
red cells finish their life in the spleen, 
Tracer studies have shown that unless fresh 
supplies of iron are taken in food and drink, 
iron from the dead red cells is not excreted 
but appears again in the bone marrow to 
take part in further cycles. The rate of, 
radioiron turnover has proved to be a good 
diagnostic index in the investigation o( 
polycythaemia (overproduction of red cells), 
different types of anaemias and iron defi 
ciency. 

Vitamin B-12 is necessary for the produc 
tion of normal red cells. In the preseuo 
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of an ‘intrinsic factor’ produced inside the 
body, it is absorbed in the intestine. If 
the intrinsic factor is not produced, the 
vitamin is not absorbed and anaemia results. 
A similar condition results if the vitamin is 
absent from diet (nutiitional deficiency 
anaemia) but this condition is easily corrected 
by supplementing the diet with vitamin 
B-12. By giving a test dose of Co 58 -labellcd 
vitamin B-12 and studying the percentage 
absorption, the status of the patient can be 
assessed. If the deficiency is due to lack 
of intrinsic factor the absorption is very 
low, while if it is due to dietary deficiency 
the absorption is normal or high. 

Diagnosis of Tumours 

Certain radioisotopes arc selectively 


taken up by growing tumours. This pro¬ 
perty has been applied in the detection 
and delineation of tumours of the skin, 
eye, testes and breast, using radiophosphorns 

(P J1 ). 

For the localisation of brain tumouis, 
the most suited are certain positron emitters 
like radioarsenic (As 74 ). A positron, as 
it comes to rest, is annihilated by combining 
with an electron j this process is accompanied 
by the emission of two gamma rays in 
opposite directions. These are detected 
by two counters mounted on opposite sides 
of the patient’s head, so arranged that a 
count is registered only when both counters 
detect gamma rays simultaneously. By this 
means all background is virtually completely 
suppressed and exact localisation is possible, 


TWO GAMMA 
RAYS EMITTED 
IN OPPOSITE 
DIRECTIONS 



TUMOUR 
SELECTIVELY 
LOCALISES AS 




BRAIN TUMOUR LOCALISATION 

Pig. 7. Localisation of brain tumours using radioisotopes 
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by scanning the patient’s head completely 
with the aid of coincidence counters. 


Lung Function 

J.ung function can be assessed by the use 
of suitable radioactive ga,es (like Kr ts , 
Xe” 3 ) which the patient is made to breathe 
with oxygen, and recording the radio¬ 
activity over each lung by suitably placed 
external counters. 


RADIOISOTOPES IN THERAPY 

Today everyone is familiar with the use 
of radioactive cobalt for treatment of 
cancers. Cancer consists in tbe uncontrolled 
multiplication of certain cells. Since 
cancer cells arc multiplying much faster 
than cells of surrounding healthy tissue, 
it is found that they are more susceptible 
to be affected by radiation and this property 
is used in radiation tieatment. With 
modern reactors Co 6 " pellets can be obtained 
Fig, 8. Patient drinking radiomedicinc whose strength is equal to that of several 
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pounds of radium, In fact, Co 60 has been 
called the poor man's radium. Apai l from 
the price, there would noL be enough radium 
in the world to do all ihe therapy wotk now 
being done with Co f ’°. This isotope emits 
energetic gamma radiations which can 
penetrate into the body and inadiatc even 
deep-seated tumours. The idea is to give 
a lethal dose of radiation only to the malig¬ 
nant tissue while sparing as much as possible 
the surrounding healthy tissue. Many 
techniques are now available for doing 
this. Cesium-137, a fission product obtained 
in the operation on nuclear reactors, is pardy 
replacing cobalt-60 in some teletherapy 
applications. 

I 131 has been used extremely successfully 
for the treatment of hyperthyroidism, A 


large dose of I 13 ' is given which concentrates 
in the thyioid. The tadiaiions from the 
radioisotope destroy pan of the ovcractive 
thyroid and brings us function back to 
normal. Radioiodme thciapy has largely 
replaced surgeiy of the thyroid, thus 
obviating discomlbu, hospitalisation and 
attendant risks of surgery. I 131 has also 
found application in the treatment of some 
forms of thyroid cancer, 

Those suffering from congestive heart 
failure and angina pecLoris, i.e.,pain originat¬ 
ing from the heart, and not responding to 
conventional treatment, can be given consi¬ 
derable relief by radioiodine therapy. This 
reduces thyroid function and consequently 
the metabolic needs of the body; work on 
the heart is reduced and the impaired heart 



Fig 10 Parkinsonism patient: (a) before treatment (left). Patient has marked rigidity of limbs. 

(b) alter treatment (right) Note improvement in rigidity. Patient able to smile and 
use hands freely 
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is then able to meet the reduced circulatory 
needs satisfactorily. 

Parkinsonism is a crippling disease leading 
to extreme regidity of limbs, tremor, pos¬ 
tural disturbance, etc, The general method 
of treatment, giving limited benefit, includes 
medical and physiotherapeutic measures 
and in some cases neurosurgical treatment, 
Recently by radioiodine therapy strikingly 
helpful benefit has been obtained in the relief 
of rigidity and moderate alleviation of tremors 
in many cases of Parkinsonism. 

Polycythaemia vera is a disease caused by 
overproduction of red cells in the bone 
marrow and other sites. Radiophosphorus 
therapy is now the treatment of choice for 
this condition. A single course of therapy 
induces remission lasting several years. The 
P 3J inhibits the increased production of red 
cells by destroying part of the bone marrow 
which manufactures these cells. P 3J has 
also found limited application in the treat¬ 
ment of certain types of leukaemia (cancerous 
overproduction of white blood cells). 

Recurrent effusions in pleural and peri¬ 
toneal cavities arising from malignant diseases 
used to be treated by repeated drainage, 
This, apart from the great discomfort to 
the patient, often leads to loss of body 
proteins. Instillation of colloidal radiogold 
(Au I9S ) into these cavities has been used 
with marked success in such cases in amelio¬ 
rating distressing symptoms. Direct implan¬ 


tation by surgery of radioactive materials 
(like Ta' 8 * wires or Au ’ 98 seeds) into 
tumours for the desired length of time to 
give a suitable radiation dose to the tumour 
with sparing of surrounding tissues is a 
standard technique these days. External 
beta radiation from radiostrontium (Sr 90 ) 
incorporated in applicators has been used 
for the treatment of certain eye and skin 
disorders. 

NUCLEAR MEDICINE 
AN INTEGRATED DISCIPLINE 

Successful implementation of a nuclear 
medicine programme demands the close 
integration of several disciplines. Apart 
from the nuclear medicine specialist, the 
health physicist, the electronics engineer, 
trained technicians and nurses have all to 
work in close liaison. The instrumentation 
has to be looked after properly by trained 
technicians under the supervision of the 
electronics engineer, The health physicist 
provides the facilities for safe working with 
radiation sources and ensures that the 
patient, the doctor, the nurses and the 
ancillary staff are not subjected to unneces¬ 
sary exposure from external or internal 
radiation sources. He also trains the techni¬ 
cians and nurses in the safe handling of 
radiation sources, which includes in this case 
patients given large doses of radiomedicines 
and their excreta, etc. By this dose inte¬ 
gration the new and rapidly growing sdence 
of nudear medicine has been able to play a 
vital role in conquering disease, 



Social Insects—II. Bees and Wasps 

P. Kachroo 

Indian Council of Agricultural Research, New Delhi 


BEES 

EES live in permanent communities. 
Their body has a marked waist. The 
head and thorax bear branched feathery 
projections which help them in collecting 
pollen from flowers. These projections can¬ 
not be seen by the naked eye but this 
character distinguishes bees from wasps. 
The honey bees have three types of indi¬ 
viduals : males (drones), females (queens), 
and sterile females (workers) (Fig. 1 ). It is 
interesting to note that distinction between 
queens and workers is caused by the different 
food with which the larvae are fed. After 
hatching, the brood are fed alike for the first 
four days. Later, some i.e., the would-be 
queens are fed with richer food throughout 
their growth. They arc finally provided 
with cells which are larger and better 
ventilated. 

The males are large, stingless and big- 
eyed. The queen is smaller than the male. 
It continues to fertilize her eggs for the 
rest of her life which is three to four years. 
The workers are much smaller but have 
larger brains. They gather pollen in 
basket-shaped hind thighs and also possess 
the honey making and wax secreting organs. 
The egg-laying organ is developed and used 
as a weapon (sting) in the workers. After 
use, it is withdrawn; but if the bee is hastily 
shaken off, the sting and other organs are 
torn from her and she dies. 

The adult bee feeds upon the nectar of 
flowers. Its larvae are fed upon the pollen 


of flowers mixed with honey, the latter 
being a substance made in the body of the 
bee out of nectar gathered from the blooms 
The larvae of cuckoo-bees, before beginning 
to eat die stored honey, devour the eggs or 
larvae of another species of bees in whose 
nest they have earlier been placed! 



Fig. 1. Bees: (a) worker, (b) queen, (c) drone, 
(d) comb—a portion of normal cells and two large 
queen cells 


Community Life 

The permanent social community 
of die bees is called the hive. 
Here, each individual does its share of 
duties involved in the community life. 
However, communities of bees differ from 
those of ants in certain respects, The 
bees in the wild state build their home in a 
hollow tree, Under domestication, the hive 
is designed by man to enable him to rob 
the honey without killing all the bees. The 
‘comb’, with which the hive is furnished, in 
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built of wax prepared in the bodies of the 
worker-bees. Such an architectural sym¬ 
metry is not met with in the ants’ nest. 
In each hexagonal separate tubular cell is 
reared a single bee from the egg to the adult 
stage. Normally only one queen bee lives 
in a hive at a time. The hive is stored with 
garnered foods but the ants’ nest does not 
usually store food, The bees fly out to 
gather food, but the ants walk foi the same. 

A new hive is founded more or less in 
the same way as that of the ants. In May, 
i.e., summer, when the hive becomes over¬ 
crowded, the community needs a new queen. 
At this time, the Queen Mother is led 
round the queen cells by her attendant 
workers and she is made to lay an egg in 
each cell. The larvae hatching from these 



Fig 2 Honey bees : a swarm clustered on 
a branch. 


eggs are supplied with special food or ‘royal 
jelly’ throughout their life. In about 18 


days the first of the bees developed in a 
loyal cell is ciowncd as the licit-apparent. 
She is die maiden queen. Before she leaves 
hci royal apartment, the Queen Mother 
leaves the hive accompanied by a swarm 
(about 30,000) of faithful bees, mainly 
workers. The swarm Hies for some time, 
then the queen alights and is wiapped in p 
protecting mass of bees as big as a water¬ 
melon. The bee-keeper, if he is lucky, 
collects them in this condition in a 
‘skep* and brings them home to a new man¬ 
made hive. 

Immediately, the workers get busy in 
building the comb. They pluck the 
flakes of wax fiom between the segments of 
their bellies, mould it in their jaws, and 
build the exact cells they need. The 
wax is made from the honey which the 
workers carry in their crops while leaving 
the mother hive. The cells arc of a stan¬ 
dard size, those in the centre are the nursery 
cells for the young workers, those around 
them arc the storage cells for honey and 
pollen. Drones are housed in larger cells 
and the still larger cells are the royal 
apartments meant for the future queens 
Soon after the new hive is ready the routine 
life begins. The egg fertilizing capacity 
of the queen can be increased or diminished 
by the amount of food given to her. In 
winter, she does not lay eggs but feeds 
herself on the storage cells. 

Efforts are made to collect new stores 
and put these into the new comb as it is 
built. Each cell containing a larva is looked 
after well before it pupates; the cell is scaled 
up by the workers with a lid of pollen and 
wax, the latter is eaten by the emerging bee 
to get out. Ventilation in the hive is pro¬ 
vided by a novel method; the young workers, 
who have yet not flown, steadily fan with 
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their wings so as to make a current of fresh 
inflowing air. This fanning also serves to 
evaporate the surplus water from the honey. 
The entrance is guarded by guardsman to 
stop intruders, particularly robbers from 
other hives. Some intruders which cannot 
be stung (such as ants) are fanned away 
from the entrance. The dead bees are 
removed by outgoing workers and dropped 
at a distance. The comb is repaired with 
a special glue which is obtained from resi¬ 
nous buds and twigs and secreted by 
workers. This is additional woik for the 
workers who have also to collect nectar and 
pollen. 

Incoming bees report to their fellows the 
discovery of any rich source of food by a 
dance of triumph. The scene of the dancing 
bee tells others what kind of flower they 
must seek, and once a bee has found nectar 
the colour of the flower helps to guide hci 
back to it. 

In the old hive, soon after the swarm 
departs, interesting events take place. The 
young queen emerges from her cell and at 
once dashes towards the cells in which her 
sister princesses are still in the pupal stage. 
She tears open their cells and stings them 
to death. How awful, yet true! Sometimes 
she is prevented from this murderous act 
by the workers and a second princess is 
allowed to emerge. She leads another 
swarm from the old hive. Thus, only one 
queen can stay in a hive. When the princess 
is die only female in the hive, she males 
with a drone, returns to the hive as a feeds 
queen. Till she is ferule the workers do 
not pay any attention to her and she feeds 
herself at the comb. Before leaving the 
hive for her ‘marriage’ the would-be queen 
flies round and about the entrance to learn 
her way home. 


The queen lives for three to four years 
and her end is a tragic event. As soon as 
it is noticed that she is no longer active, 
her escort mthlessly etushes (not sting) 
her to death ; or she is allowed to be killed 
by a daughter piinccss, At the approach 
of winter another tiagedy betakes the hive ' 
there is a massacie of unwanted drones due 
to shortage of food. When they return to 
the hive hungry aftci their usual short 
unhurried flight in the sunlight, they are 
denied admittance and those still in the 
hive at the moment are attacked and thrown 
out. Drones still at large while the massacre 
is on die of cold and starvation after crawling 
helplessly about for a day or two. 






TRUE WASPS 

True wasps are social insects living in large 
colonics and pioducing males and females 
and a large number of sterile females or 
workers. Their social life is seasonal since 
the colony lasts only for a single season. 
The young fertilized females (queens) are 
the only survivers which live through winter. 
Each of the queens builds a new nest in 
the spring. 
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The adult wasps live on plant food, 
mostly nectar and sweet liquids (especially 
ripe fruits and jams). The young brood is 
fed mostly on insects captured by adults 
and chewed up by them before being fed to 
the larvae. 

The mated females, like those of the ants 
and bees, fertilize their eggs for the rest of 
their lives. They hibernate during the cold 
weather by hanging by the jaws to curtains 
or other rough surfaces in some secluded 
spot (often in houses or sheds, in a hole in 
a wooden fence or a crevice in a tree). The 
dormant queens awake in the late spring 
and start constructing a nest alone, They 
try to find a hole under the roots of trees 
or shrubs and there begin to excavate a 
cavity, large enough to build the first comb 
of their nests. They do not have wax but 
build with wood pulp paper, filings of wood 
shaved from any wooden surface with their 
jaws and made into paper with the wasp’s 
own saliva. The comb resembles in shape 
the bee hive only in that the cells are 
hexagonal tubes, set one beside the other, 
and each destined for one egg and its 
development into an adult wasp. The top 
layer is the first to be built. It has few 
cells to begiiTwith and forms a solid hang¬ 
ing rod. It sustains the whole nest when 
completed. Later, layers are built below 
the first, each hanging from the one above 
it by similar rods and forming a platform 
upon which the wasps can walk with access 
to the open ends of the cells above their 
heads. The comb when completed is 


surrounded and enclosed in a very thick 
envelope which is constantly enlarged. 

The queen after having built parts of the 
comb lays an egg m each cell and when die 
larvae hatch out, she feeds them all on 
coundcss caterpillars, flies, and other insects 
which she chews up and deals out from her 
own tongue to her hungry brood. While the 
larvae grow, she goes on completing their 
cells. Before they pupate, they themselves 
dose the lid of the cell. Through it, diey 
eat their way out as adult wasps. From 
egg-laying to emergence of the adult, it 
takes about a month 

The first eggs develop into workers and 
when tiicy are strong enough they relieve 
the queen of her manual duties. She at 
last rests from foraging and building and 
gives herself exclusively to egg-laying. For 
a month more the nest increases and pros¬ 
pers and then manual comb is built with 
larger cells for die production of male and 
female wasps. WiUt this increase in popula¬ 
tion, insect food for the brood begins to run 
short and it is hard for the workers to 
collect nectar for themselves. Besides, as 
their own life is drawing to a close, they set 
about a reign of terror; the unhatched 
larvae are thrown away from their cells to 
the bottom of the nest hole and allowed 
to die there. Soon winter sets in and die 
whole population of the nest dies of cold 
and starvation, The few mated queens 
left to survive start fresh nests die following 
year. 



The Role of Catalysts in Chemical Manufactures 

George W. Bridger 
Imperial Chemical Industries , Dillingham 

A world consumption of 120,000 tons a year may seem a great deal 
for substances which , one is taught, emerge unchanged from the chemical 
reaction. The author explains why these curious substances are so vital in 
industrial operations. 


A CATALYST is involved at some stage 
or other in the manufacture of almost 
all chemical products today, from margarine 
to artificial textiles, from chemical ferti¬ 
lisers to plastics and petrol, Most industrial 
catalysts are man-made materials but some, 
such as enzymes, also occur in nature and 
play an important part in biochemical 
processes. But in this article I shall discuss 
neither these natural catalysts nor those 
which act in solution (the so-called ‘homoge¬ 
neous’ catalysts), What I do propose to 
discuss is the field to which most industrial 
catalysts belong, that of ‘heterogeneous’ 
catalysis, where a solid assists in converting 
gaseous or liquid reactants into a required 
product. 

At ordinary temperatures and pressures 
many pairs of substances—for example, 
pertroleum hydrocarbons and steam, or 
nitrogen and hydrogen show little inclina¬ 
tion to combine. If wc raise the temperature, 
and perhaps apply extremely high pressure 
too, they can often be persuaded to unite, 
but these methods are usually prohibitively 
expensive on a large scale. However, by 
introducing a third substance, the catalyst, 


which may be as ordinary as metallic nickel 
or iron, chemical reaction can often be 
induced to take place at reasonably low 
temperatures and pressures. Normally, only 
small amounts of a catalyst arc needed 
because it is not consumed in the reaction 
(and therefore docs not appear in the product 
unless something goes wrong). 

Just how important catalysis has become 
to the chemical industry can best be illus¬ 
trated by means of figures. The world 
consumption of solid catalysts is about 
120,000 tons a year, valued at £ 40 million- 
pretty imposing figures for something 
‘not consumed in the reaction’. The 
petroleum industry alone uses 100,000 tons 
of catalysts, valued at L25 million. 

What they am do. In extreme cases 
catalysts appear to make reactions take 
place which otherwise would not occur 
at all. The fact is, however, catalysts do 
not achieve the impossible, and they break 
no chemical or thermo-dynamic laws. 
They function simply by making 
chemical reactions go faster. Reactions 
which appear not to take place at 


Reprinted from New Scientist , 24 (412)- (108-111), Oct. 8, 1964 with the kind permission of the Editor. 
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ordinary Temperatures in the absence of a 
catalyst do, in fact, occur—but so slowly 
that no change is detectable in a reasonable 
time. With a catalyst present, however, 
the rate of combination is so increased that 
the reaction can be observed to take place. 



Big. 1. The effect a catalyst can have on a 
reaction. The line AB is the conversion that is 
theoretically possible j this is obtained at n lower 
temperature when a catalyst is present 

Time is the crucial factor, of course. 
A catalyst takes a reaction near to completion 
at technically acceptable temperatures and 
pressures, in a time that is commercially 
attractive. Figure 1 shows how far one 
sort of chemical reaction can go at 
different temperatures The line AB re¬ 
presents completion j it is the conversion 
of reactants which, whether a catalyst is 
present or not, could theoretically be obtained 
at various temperatures given infinite time; 
that is, the equilibrium conversion. The 
other lines show the conversion that is 
obtained in a realistic time, with and without 
a catalyst. Plainly the catalyst initiates 
and completes the reaction at a lower tem¬ 
perature where, in this particular example, 
a higher yield is also obtained. 

Catalysts are found to be very specific 
in their functions, each being suited to a 


particular type of reaction, or even to a 
specific reaction. The iron catalyst used 
for the synthesis of ammonia cannot be used 
in place of the vanadium catalyst which 
catalyses the oxidation of sulphur dioxide. 
This selective behaviour can be turned to 
advantage, OfLcn the reactants can form 
several different products, but by choosing 
an appropriate catalyst the desired product 
can be obtained at the expense of the others. 

For a particular reaction and product 
the light chemical composition has to be 
found for the catalyst, and this is compli¬ 
cated by the fact that impure substances are 
often better catalysts than pure ones. The 
'impurities’, usually added deliberately in 
amounts up to perhaps 5 or 10 per cent, are 
called ‘promoters’. Some catalysts con¬ 
tain more than one promoter, and at present 
the best ones arc found only by trial and 
error. 

Catalysis is a property of the solid surface 
and the effectiveness of some catalysts is 
directly related to the area of their surface. 
Many catalysts are highly porous and their 
surface area may be very large—100 square 
metres a gram (40 square miles a ton) is a 
common figure. Careful control during 
manufacture of the catalyst and in some 
cases the addition of a promoter ate needed 
to secure so large a surface. Sometimes 
the catalytic material itself is present only 
in small amounts dispersed throughout a 
non-catalytic solid of high surface area, such 
as carbon, which is known as a support or a 
'carrier’. 

Catalysts might be expected to last for 
ever because they are not consumed in the 
process, but in practice they eventually 
cease to function. Some will last for 
several years, others only for a few weeks. 
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A catalyst may simply disintegrate, or high 
temperatures may slowly reduce the surface 
area (a process which can be ictarded by the 
addition of promoteis) 

Catalysts arc also very sensitive to impuri¬ 
ties, some of which—the promoters—-are 
beneficial, whereas others arc detrimental. 
The latter, known as ‘poisons’, can include 
such elements as sulphur, chlorine and 
arsenic, when associated with certain cata¬ 
lysts. Obviously the ‘poisons’ must be 
eliminated from such a catalyst during its 
manufacture, and icmovcd from the reactants 
before these come into contact with it. 

Another cause of failure is blacking up 
of the fine pores with a by-product of the 
main reaction. Here, the obstruction can 
often be removed—for example, by roasting 
it m air, in die case of carbon contamination. 

How they work. Having considered what 
catalysts are and what diey do, let us now 
see how they function. That theory lags 
behind practice in industrial catalysis is no 
reflection on the fundamental research 
effort, which has been considerable in the 
last 20-30 years, Rather it is indicative 
of the complexity of catalyst systems. 

We have seen that catalysis is brought 
about by a solid surface, The atoms at the 
surface of any solid are in a special situation, 
for they are not completely surrounded 
by other similar atoms; the surface therefore 
has properties very different from those of 
the solid in bulk. 

In order to react, molecules must come 
within a certain distance of each other, and 
to do so they need to possess an energy tiiat 
exceeds a critical value, the so-called ‘acti¬ 
vation energy’. If its value is high, as it 


may be in an uncatalysed reaction, very few 
molecules will react, then we have the 
leaction I icferred to earlier which ‘does 
not take place’. 

According to what wc might call the 
classical theories of catalysis, a catalyst 
lowers this energy barrier by providing 
the reactants with an casiei reaction 
path The reaction can now take 
place in steps, each of which involves an 
activation energy lower than that of the 



big. 2. Diagram showing whut may happen 
on the surface of a catalyst • (a) adsorption of 
molecules on the catalyst C, 1 h) break-up lit the 
molecules and (c! recombination of atoms 
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uncatalysed reaction. More molecules now 
have the necessary energy, and so more 
participate ; in other words, the reaction rate 
has been increased, The sequence the 
reaction follows is probably, first, adsorption 
of the reactant molecules on to the catalyst, 
where they combine or react with other 
gaseous molecules to form the desired 
molecules, which then leave the surface, 
allowing the cycle to be repeated (Figure 2). 

Many elegant experiments have demons¬ 
trated conclusively that adsorption of one 
or all of the reactants is an important part 
of catalysis. The adsorption is strong, 
involving chemical bonds, but it takes place 
more readily on some parts of the catalyst 
than others. This discovery has led to the 
concept of ‘active’ centres—areas which 
are held responsible for catalytic activity 
even though they represent only a very 
small proportion of the total surface of a 
catalyst. 

The sensitivity of catalysts to small 
amounts of poisons is evoked as evidence 
for the existence of the active centres, 
which are believed to be associated with 
defects or irregularities in the surface of the 
catalyst’s crystal lattice. At these disloca¬ 
tions or corners in the lattice the valency 
or combining forces of the surface atoms 
will be available for strong adsorption of 
the reactants. The defects in the crystal 
structure may arise through the presence 
of impurities, which explains of course 
the action of some promoters. 

This picture is relevant for many kinds of 
catalyst and, although it has been faulted by 
recent experiments, it still forms a good 
foundation for modern theories. It can 
be developed to take into consideration the 
geometric arrangement of the atoms in the 


solid surface, Some rcacitons are only 
catalysed by metals having an atomic 
spacing that corresponds to the interatomic 
distances of one of the reacting molecules. 
Adsorption of the molecule is thus assisted, 
and such a catalyst will be specific to 
reactions involving that particular reactant, 
The geometric theory can be pushed too 
far, but it leaves us with the valuable 
concept that a reactant molecule can 
actually be positioned on the catalytic 
surface, and thus favourably located in rela¬ 
tion to neighbouring adsorbed molecules. 

The modern theories, developed since 
the second World Wat, which consider the 
electronic structure of the surface atoms do 
not conflict basically with the classical ideas 
of active centres and surface geometry. 
Rather they attempt to explain their assump¬ 
tions. There is undoubtedly some rela¬ 
tionship between catalytic activity and a 
substance’s electronic properties. The avail¬ 
ability of electrons at the solid surface or 
the ability of the surface to receive electrons 
clearly must affect catalytic activity, because 
adsorption of the reactants, which involves 
chemical bonds and electrons, is a vital 
step in catalysis. 

Electrical conductivity is influenced simi¬ 
larly by this same availability of electrons, 
and we find that catalysts can be classified 
very broadly by their conductivity. The 
catalytic metals (such as iron, nickel and 
platinum) which arc good conductors are 
often found to catalyse reactions involving 
hydrogen. Many of these metals have 
similarities in their electronic structure. 
Some oxides and sulphides, such as the 
oxides of nickel, zinc and copper, classified 
as semiconductors because they have a small 
conductivity, catalyse reactions involving 
oxygen. Other oxides such as silica, alumina 
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Fig, 3, Shapes and .sizes ot industrial catalysts. Back row, left to right , vanadium silica 
pellets, platinum-rhodium gauze, silver granules and iron pieces Front row, left to right zinc 
chrome pellets, vicket alumina rings and atumina-sihea heads (.large and small) 

and magnesia are electrical insulators, and lyst, the size of icactor, the process condi- 

these catalyse reactions involving water, dons, and so on can be settled. 


For completeness I should mention a 
fourth group of oxides which lies outside 
this electronic classification, the so-called 
‘acid’ catalysts. They include the alumina- 
silica complexes which catalyse reactions 
involing hydrocarbon molecules by break¬ 
ing up or ‘cracking’ them, or by transferring 
parts of the molecules, reactions known as 
isomerisation and polymerisation. 

How they are used. Let us now consider 
briefly the use of catalysts in industry, In 
developing a new process all of the properties 
and limitations of catalysts have to be borne 
in mind. In the search for a new catalyst 
one is guided both by experience and by the 
theories which we have discussed. Many 
laboratory and large-scale tests will be made 
to single out the ‘best’ catalyst, and to 
establish the rate of reaction and the yield 
we can expect, so that the amount of cata- 


The shape and size of the reactor can 
vary enormously in practice, depending on 
such considerations as whether the reaction 
is fast or slow and whether it evolves heat. 
Thus catalysts can be used as wide, thin 
layers, as deep beds, or as a solid suspended 
in a liquid reactant. The catalysts them¬ 
selves, too, vary widely in shape and size 
from large irregular lumps or shaped 
pellets, pieces, granules or fine powders to 
strips of metal and woven wire gauzes. A 
few of the catalysts used in chemical engi¬ 
neering are shown in Figure 3, They 
include catalysts which are milestones in the 
progress of industrial catalysis and which 
illustrate some of the features I have dis¬ 
cussed. 

One of the first large-scale applications 
of catalysis was m the oxidation of sulphur 
dioxide in the manufacture of sulphuric 
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Fig 4. New platinum-rhodium guaze being 
laid on a rigging ot string in an ammonia burner 
at Shell’s nitric acid plant, Shell Haven 


acid, an extremely important ‘raw material’ 
for many other manufacturing processes. A 
vanadium catalyst is now employed as it 
is less sensitive to poisons than the platinum 
catalyst used when the process was first 
introduced around 1900 The vanadium 
catalyst, which is in the form of cylindrical 
pellets (Fig. 3), contains potassium to 
improve its activity, and silica which 
functions mainly as a mechanically strong 
carrier, 

In 1908 the process for the catalytic 
oxidation of ammonia for the production 
of nitric acid was brought into use. The 
reaction is very fast, being complete in 
about one-hundredth of a second, so that 
it needs only a thin layer of platinum rho¬ 
dium wire gauzes (Fig. 4) as a catalyst. 
Another rapid reaction, the oxidation of 
methanol to formaldehyde, uses a layer of 
silver granules (Fig. 3). 

The next milestone was in 1913 when the 
high-pressure synthesis of ammonia was 
introduced. It was the first process to be 
evolved by proper application of thermo¬ 
dynamic principles, and the catalyst was the 
first to demonstrate the value of promoters. 
The catalyst is basically unchanged to this 
day—iron containing several promoters such 


as potassium, alumina, magnesia and other 
oxides, each having its own job to do; one 
increases the surface atca, another enhances 
the activity of the iron surface, and others 
protect it from gaseous impurities It is 
one of the few catalysis made by fusing the 
ingredients together, producing the hard 
pieces shown in Figure 3 . 

The converter in which it is used as a 
deep bed is a heavy steel forging, shown in 
Figure 5. 

The high-pressure process for the syn¬ 
thesis of methanol (methyl alcohol) from 
hydrogen and carbon monoxide followed in 
1923, and used a pelleted catalyst (Fig. 3) 
of zinc oxide and chromium oxide; the 
latter helped to preserve the surface area of 
the catalyst. The same two reactants, 
hydrogen and carbon monoxide, can be 
made to form hydrocarbons instead of 
methanol by operating at a lower pressure 



Fig, 5. A battery of converters of an early 
type for the synthesis of ammonia at high 
pressure. Each contains a deep bed of iron 
catalyst 
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and using a different catalyst, such as 
cobalt containing other oxide promoters. 
This process, the iFischer-Tropsch process, 
came into use in the 1930s. 

At much the same time the first plants 
were installed to react methane with steam 
to produce hydrogen. Heat has to be 
supplied, and the catalyst is used at 700°- 
8oo° C in heated tubes. The catalyst here 
is nickel supported on a carrier of other 
oxides such as alumina and magnesia, and 
is commonly made in the form of rings 
(Fig. 3) to keep the resistance to the 
flow of reactants down to a minimum. 
This process js the forerunner of the modern 
one for the manufacture of hydrogen in 
which the higher petroleum hydrocarbons 
such as naphtha, which are more readily 
available than methane in Britain are 
reacted with steam at high pressure. 

The year 1935 saw the introduction of the 
first catalytic process for petroleum refining, 
with the introduction of catalytic ‘cracking’ 
for the production of petroleum hydro¬ 
carbons from crude oils. The catalyst is 
an alumina-silica mixture, a synthetic version 
of the natural clays which were used for the 
earliest processes, Carbon forms on the 
catalyst and has to be burnt off periodically 


in a ‘regenerator’, The catalyst is usually 
in the form of beads, shown m figure 3, 
which are shuttled back and forth between 
the reactor and the regenerator continuously 
Sometimes the beads are as small as one- 
tenth of a millimetre in diameter, Another 
big advance came in the 1940s with the 
addition of platinum to this alumina-silica 
catalyst; this extended its effect on the 
crude oils and produced higher grade 
petrols, 

I have mentioned but a handful of the 
catalysts which are now employed by the 
chemical industry. The average cost of 
these catalysts is about £350 per ton, a 
comparatively high figure which reflects 
the value of the knowledge and attention 
to detail which goes into their manufacture 
more than the intrinsic cost of the materials. 
The amount of these expensive catalysts 
which are used may seem considerable, 
but 120,000 tons is very small in comparison 
with the millions of tons of chemicals for 
the manufacture of which they are respon¬ 
sible. Catalysts have played no small 
part in the rapid expansion of the chemical 
manufacturing industry in the first half of 
the 20th century, They can truly be said 
to have catalysed the industry’s growth as 
well as its individual processes. 
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T HE production of light without heat 
by living things has always appealed to 
the unagination and excited the interest of 
mankind. This phenomenon of emission 
of light visible to the human eye by 
living organisms is termed bioluminescence, 
which is often confused with such other 
terms as phosphorescence and fluorescence. 
When certain sensitive materials are exposed 
to radiation rays they will glow in a dark 
place. Such materials are known as 
phosphors. Many phosphors continue to 
glow for extended periods even after the 
radiation rays to which they are exposed arc 
shut off. This sort of delayed light emission 
or ‘after-glow’ is termed the phosphore¬ 
scence. Fluorescence, on the other hand, 
is the light emitted by the substance while 
it is being illuminated by the radiation 
rays. Basically bioluminescence is chemi¬ 
luminescence, viz., light for which a chemical 
reaction supplies the energy. 

BIOLUMINESCENCE AMONG 
PLANTS AND ANIMALS—A BRIEF 
SURVEY 

Bioluminescence occurs both in plant 
and animal kingdoms. In plant kingdom it 
is found mostly among certain lowly 
organised forms like bacteria and fungi; 
whereas in the animal kingdom certain 
members of over forty groups are so far 
known to emit light. Another interesting 
fact is that among the aquatic luminous 
representatives, it occurs mostly in those 
that live in the marine environment. 


Certain insert larvae and the limpet (Lilia) 
of Hew Zealand nrc the only freshwater 
luminous organisms so far known. 

The best known of the luminous organisms 
are certain insects famihaily known as 
‘fire-flics’ or 'glow worms’ which even a 
casual observer would noL have missed 
For thousands of years sea-farers have 
known that the sea sometimes glitters 
when some objects strike it. During such 
occasions every fish that made a slight 
movement appears to have been oudined 
with fire and every wave as if it were aflame 
No wonder such phenomenon was described 
as ‘burning’ or ‘awakening’ of the sea. This 
awakening of the sea may be due to different 
reasons, of which the most common one 
is the occurrence in enormous numbers of 
a one-cellcd organism called Noctiluca, 
Though the sea appears from a distance to 
give out a homogeneous light; if examined 
nearby in a vessel as sea water, the apparently 
homogeneous light will seem to come from 
tiny sparks. These organisms develop in 
huge quantities at favourable seasons of 
the year and appear during daytime as red 
or brown or yellow patches on the sea. 

Those who live near a forest area might 
have seen that a slump or a part of a 
decaying tree shining at night. This natural 
glow sometimes called ‘fox-fire’, has given 
rise to many hair-raising stories of ghosts 
and such other supernatural beings. This 
glow is due to the ramifications of thread- 
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Fig. 1 Some luminous organisms . A. Nocnluca , Minulc ime-eelled marine organism. H. 
Cypndma : A small marine crustacean. C. Myccna ; Luminous toadstools, D. 
Pholas dactylus ; An edible marine clam 


like structures called ‘mycelia’ of fungi 
inside the decaying wood, abundant during 
damp and humid seasons. 

Sometimes the dead and decaying fish, 
shrimps, etc., shine at night particularly 
in areas near the sea. The glow in such 
cases is due to the presence of certain 
luminous bacteria on the body of the dead 
animals, Mutton, beef and other cuts of 
meat kept without sufficient amount of ice 
or in refrigerators may become luminous 
for the same reason. Whenever dead fishes 


or their scales, flesh of animal of any kind, 
egg, etc., become luminous, it is certain 
that the light is due to the growth of 
luminous bacteria on them, These bacteria 
are of course non-poisonous to human 
beings. If the luminous material is of plant 
nature like dead vegetable matter, roots, 
potatoes, fruits, etc., the light is due to the 
presence of luminous fungi. 

Apart from the above mentioned bacteria 
and fungi, bioluminescence is known to 
occur in a number of species of animals 
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popularly known as spongeSj jelly-fishes, Structure of Light Organs 
sea-pens, corals, comb-jcllics, marine worms, 

earthworms, shrimps, adult and larval Light organs vary in structure in different 
insects, millipedes, centipedes, snails, organisms. In the simplest type the light may 
cuttlefishes, fishes particularly of the deep-sea, come from a single cell as in a bacterium or 
etc. But it is rather surprisingly absent unicellular organisms of the group Protozoa, 
among the higher plants and animals. Again if a Mnglc unicellular organism like 
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light 5 ^he^iglft is^du^to rh??ri,» J * na, ? a J a P s : 11 y itself this lish cannot produce 
structures E ° th P rcscncc of luminescent bacteria lodged in the tubular 

cmainsquidf 16 hlgllly complicated light organ with lenses, reflectors, etc., as present in 
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Noctihica is examined under a microscope, 
it will be seen that light is not diffused. 
It will be seen to come from minute points. 
These points are the minute granules 
scattered throughout the protoplasm and 
appear only on stimulation. In multicellular 
animals the light may come from either 
isolated patches of cells on the surface of 
the body or from a definite many-cclled 
glands In these cases also, the granules 
within the cells are associated with lumine¬ 
scence. Certain complicated light organs 
called photophores ate found in some deep- 
sea fishes, squids and shrimps. In these 
organs, accessory structures like the reflector, 
lens and colour screens deflecting the light 
are often found, 

The light organs occur in different parts 
of the body in different organisms ; but 
their positions are constant and often are 
characteristic of the species and sometimes 
also of the sexes. 

Mechanism of Control of Light Production 

The emission of light is m two ways, 
viz., (i) continuous emission and (ii) 
intermittent emission of light of different 
intensities. Luminous representatives of the 
plant kingdom belong to the first category. 
They do not require any stimulus for light 
emission. The intensity of their steady 
glow depends upon the temperature, pressure 
changes in salt content or pH of the medium, 
etc. Luminous representatives of animal 
kingdom mostly produce light only on 
stimulation. Mechanical or chemical or 
electrical stimuli or nerve impulses can 
bring about the glow in animals. For 
example, the mechanical disturbance caused 
by the tossing of the waves or passage of a 
boat causes various marine animals to 
luminesce. Certain sea animals can produce 


light, if they are stimulated chemically by 
adding chemicals like ammonia to sea water. 
A luminous animal can also be made to 
luminesce when electrical current of suitable 
voltage is passed through it The fire-fly 
flashes light when an impulse passes along 
its nerve. 

The exact mechanism of nervous control is 
unknown. According to one view the nerve 
impulse simply liberates oxygen into the light 
organ. The oxygen, one of the essential 
requirements of light production, stimulates 
luminescence. According to another view the 
process is not so simple. A series of steps 
triggered by the release of acetylcholine at a 
nerve ending in the luminous organ is 
responsible for light production, 

Certain fishes, for example Photoblcpharon 
and Anomalops of East Indies, emit light 
though they do not themselves manufacture 
the luminous materials in their body. They 
are very remarkable in that they harbour 
luminous bacteria in certain special glands 
developed under their eyes. The cells 
of these glands are cylindrical in shape and 
are richly supplied with blood. The bac¬ 
teria receive the food materials from the 
fish and in return supply the fish with light. 
They do not harm the host at all. Since 
the light is bacterial in origin, it is emitted 
continuously. But Photoblepharon can shut 
off the light by drawing up a black fold of 
skin like an eyelid over the light organ. 
Anomalops can turn inward the light by 
rotating the light organ with the help of a 
hinge muscle at its front end. These 
fishes can flash their lights as they swim 
through the sea by these screening mecha¬ 
nisms. This is a remarkable instance of 
symbiosis, a condition in which two dis¬ 
similar organisms live together to the 
mutual benefit of each other. 
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Fig, 3. A and B, The light organs help na a lure to attract the prey towards these deep-sea fishes. 

C. Photoblepharon. D. Anatnalops. These fishes of Fast Indies possess the light organs 
due to the presence of luminescent bacteria in small tube-like structures. They 
can alternately turn on and turn off the light by special mechanisms 

The eyes of certain animals have tapetum spectrum. Little or no non-visiblc radia- 
that reflects light like the eyes of a cat tion is generated. The actual wave length 
giving a luminous appearance in darkness, of the emission is probably determined by 
The so-called glow which one sees in the the particular chemical make up of the 
eyes of a cat in the dark is likely to be lucifenn responsible for light production, 
mistaken for bioluminescence. The tapetal The usual colours of light arc blue or green; 
layer of the eyes are capable of reflecting yellow less frequent and red rather rare, 
even very weak external light. If the eyes In certain cases two or more kinds of luci- 

of such animals shine in the dark, it is a ferin may occur in a single organism, with 

sure indication of some illumination nearby, the result that the light emitted may be of 
however feeble it might be. However, if different colours. For example, the railroad 
these animals are kept in a completely dark worm (larval form of the beetle Phri- 

room the glow in their eyes will not be seen, xothrix ) of South America is provided 

with eleven pairs of luminous green spots 

Physical Nature of Light * at form P arallel rows one Qn e , ither 

side of the body. On the head of the larva 

The light emitted by different organisms there are two luminous spots producing 
may be of any wave length in the visible red light, Since it gives the appearance 
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of a tram travelling backward it is popularly 
called the ‘railroad worm’. 

In all cases the available energy is spent 
very efficiently. Very little heat is lost 
during light production. Therefore bio¬ 
luminescence is often described as cold light 
to distinguish it from the thermal lumine¬ 
scence. The amount of light produced by 
some luminescent animals is amazing. 
Many fire-flics produce as much light in 
terms of lumens per cm 1 as modern 
fluorescent lamps. 

Though the phenomenon of biolumine- 
scencc was known to naturalists from lime 
immemorial, it was Dr. Raphael Dubois, 
a French physiologist, who first pointed out 
in 1887 the chemical nature of biolumine¬ 
scence. He suggested that the light of the 
boring dam (P kolas daily lus ) was due to a 
reaction involving a substance which he 
called luciferin. lie found out that luci- 
ferin combined with oxygen in the presence 
of an enzyme called luciferasc and the reac¬ 
tion produced light. Dr. E. Newton Harvey 
was another pioneer in the field, who 
contributed very much towards the under¬ 
standing of this phenomenon. He showed 
that bioluminescence is essentially an enzy¬ 
matic process. He studied the luciferin- 
luciferase reactions m a number of organisms 
among which mention may particularly be 
made about the fire-flies and small marine 
crustacean called Gypridina. He pointed 
out that the luciferin-lucifcrase reactions in 
different animals arc of different types. 

In recent years considerable progress has 
been made in this field. Scientists have 
succeeded in isolating the photogenic 
substances, viz., luciferin, luciferase, etc., in 
the laboratories and establishing their 
chemical structures. They went even to the 


extent of artificially synthesizing such com¬ 
pounds and showing that under appropriate 
conditions they produce light. 

The chemistry of bioluminescence of at 
least three different organisms is well known 
at present They are (1) Cypridma (marine 
crustacean), (li) fire-flies and (lii) bacteria. 
Light production docs not necessarily 
depend upon life in the organism. The 
extracted and dried chemical compounds 
when mixed together usually produce light 
on the addition of water. The photogenic 
substances of these three best known lumi¬ 
nous organisms are chemically different as 
shown below. They do not interact with 
each other, but the luciferin of one genus 
of fire-flics gives light with the luciferase of 
another genus. A short account of the 
luciferin-lucifcrase reactions of the three 
above mentioned organisms is given below. 

Cypridina : The conditions appear to 
be the simplest in that only luciferin, 
luciferase and oxygen dissolved in water are 
required for the reaction. Luciferin of 
this organism has been crystallized and its 
elementary composition has been given as 
c 21 H 26 . 28 O., 2 HC 1 . The detailed struc¬ 
ture is not known yet. Luciferase has been 
purified but its mode of action is not known. 
During World War II, Japanese soldiers 
are said to have used dried Cypridina as 
a source of low intensity light on moistening 
with water, for the purposes of reading maps 
or messages, since flashlights would have 
revealed their location. 

Fire-Fly : In fire-fly also luciferin, 
luciferase and oxygen are found to take 
part in the reaction. However, in addition 
to the above mentioned substances, an 
energy supplying biological compound called 
in short ATP (adenosine triphosphate) and 
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magnesium ions are necessary for light 
production. The function of ATP in the 
presence of magnesium ions is apparently 
to form active fire-fly lucifenn which then 
oxidizes in the presence of fire-fly luciferasc 
with the emission of light. 

A simplified sequence of chemical reaction 
that results in the production of light is 
given below. 

Recently Dr. W. D McElroy and Dr. 


H. H. Seliger of Johns Hopkins University 
have established the chemical structure of 
the lucifcrin in the American fire-fly 
(Photimis pyinhs) They also isolated and 
studied the light-stimulating enzyme luci- 
ferase of the fire-fly. It is found to contain 
about one thousand amino-acid sub-units, 
If this is so, it is larger than any other protein 
whose structure has so far been established. 

Bacteria In recent years, the study of 
the physiology and biochemistry of the 
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Fig. 4. The structure of lucifenn in the firc-fly as established by Dr. W. I \ Melilroy and 
Dr. H. H. Seliger of Johns Hopkins University 


CYPRIDINA 

LHj+ E +j O,—L+E+ WjO-UOHT 


1 FIRE-FLY 

LH t + ATP-^4*- LHj’LMPt PP+H t O 

LHj-AMP +io t + E.-HEl AMP + W 1 0 

E L AMP —► L + AMP+E LIGHT 


BACTERIA 

FMNHj RCHQ+^O, -►- FMH + RCOOH+H 1 p + LIGHr 

fMN + OPNH+H 1 ->- FMNKj'+BPH 

Fig. 5 The chemical reaction leading to the light production in the three well-studied 
organisms is shown above. 

(LH a = Lucifenn; E=Luciferase, L=Oxyluciferin). ATP—Adenosine trlposphhate; LH S 
LMP= Active lucifenn, PP —Inorganic pyrophosphate. E.L. AMP — Enzyme product 
complex FmNH, RCHO=Flavin mononucleotide aldehyde complex; DPNH= 
diphosphopyndm. 
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bacterial luminescence is receiving great 
attention The light emitting reaction in 
bactena is a side reaction of the oxidative or 
electron transport process of the bacterial 
cell, which extracts energy from food. It has 
been found from experimental studies that 
the general level of the metabolic activities 
were not lowered, when the luminescent 
bacteria were converted to non-luminesccnt 
ones through artificial means, 

The luciferin in bacteria is a complex of 
reduced flavin mononucleotide and a long 
chain of aldehyde. When these compounds 
and bacterial lucifcrasc are brought together 
in contact with oxygen they produce light. 
The light lasts till the luciferin is used up. 
Since the living bacterial cell continuously 
emits light, the flavin mononucleotide and 
aldehyde must be continuously supplied. 
The mechanism of the continuous supply 
of aldehyde is not yet understood, but the 
supply of flavin mononucleotide is known 
at present. The end product of the oxida¬ 
tion process is acted upon by another 
compound, namely, reduced diphosphopy- 
ridin nucleotide and luciferin is reformed. 
The flavin mononucleotide thus formed is 
able to light in the presence of the aldehyde, 
bacterial luciferase and oxygen. The reac¬ 
tion can be represented by the reactions 
shown on the previous page. 

Oxygen is also necessary for the conti¬ 
nuous steady state of light. If the oxygen 
is not supplied constantly the intensity of 
light gradually falls down. This will result 
in the accumulation of flavin mononucleo¬ 
tide which produces suddenly a brilliant 
flash of light on readmitting oxygen. All 
these reactions can be artificially demons¬ 
trated in the laboratory with aldehyde 
DPNH and a cell-free extract of bacteria. 


Uses of Bioluminescence to the Organisms 

In fire-flics the luminescence is used as 
signals to attract the sexes to one another. 
Each species has a special kind of signal 
which is characterized by the length of the 
flashes and the interval between them. 

In deep sea animals living in perpetual 
darkness the light organs serve to illuminate 
the surroundings to facilitate the search for 
food. The pattern of distribution of these 
light organs on the body of deep sea fishes 
is often characteristic of the species and 
show certain variations between sexes. 
This perhaps aids in the recognition of the 
members of the same species or members 
of the different sexes of the same species. 

It is well known that squids discharge 
black ink, when attacked by enemies and 
escape. Since the black ink might not serve 
the above purpose in complete darkness 
of the deep seas, the deep sea squid ( Hetero- 
theuthis dispar ) has the capacity to manu¬ 
facture luminous secretion. 

The light may act as a lure to catch food 
as in deep sea angler fish which has a 
lantern at the tip of its tentacle. The sudden 
turning on and off of a bright light is an 
adaptation for some animals to scare away 
their enemies. 

However, some deep sea animals possessing 
light organs arc completely blind due to the 
degeneration of their eyes. We do not 
know what useful purpose the biolumine¬ 
scence serves in such organisms. It is 
again rather surprising that no luminous 
animal has been found in such large bodies 
of freshwater lakes like the Lake Baikal in 
Siberia where total darkness prevails as in 
deep sea. 
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Many luminous marine forms live in the 
region of the sea, where light penetrates. 
In these the animals may luminesce at 
night in order to lure prey or to elude 
natural enemies, 

The light emission in advanced animals 
is an adaptation to some funcdons such as 
mating signal, lure for prey, protective 
screen, etc. But what function it serves in 
organisms like bacteria, fungi, protozoa, 
etc., is not immediately known. The light 
emitted by bacteria and fungi probably 
serve no useful purpose to the organism, 
but is simply a by-product of oxidative 
metabolism just as heat is a by¬ 
product of metabolism of plants and 
animals. 

Origin and Evolution of Bioluminescence 

Bioluminescence is scattered in a hapha¬ 
zard fashion throughout the animal king¬ 
dom. There is no indication that light- 
production arose at a particular time or in a 
particular group and that it followed definite 
evolutionary pathways. 

There are two views put forward to account 
for the origin and evolution of biolumine¬ 
scence among the organisms. According 
to one view bioluminescence arose in an 
organism as a luminous spot due to chemical 
mutation. Once such a spot appeared on 
an animal or plant, the light might have 
been of value and may have persisted by 
natural selection. The reverse process is 
also possible. It has been found that 
sometimes the luminous bacteria may 
become non-luminous and this is due to 
the loss of the capacity of the organism to 
produce certain substances. It has been 
possible to induce such mutations by 
radiation techniques. The strains of such 


bacteria lose their capacity to produce 
light. But if certain chemical substances 
like aldehyde aie added to the cultures they 
emit light. 

The other view is recently proposed by 
Dr. W. D. McBlroy and Dr. II. II, Seligec 
of Johns Hopkins University (U.S.A.), 
According to this view, ‘bioluminescence 
was originally an incidental concomitant of 
the chemical reactions that were most 
efficient in removing oxygen from living 
systems.’ It is now a widely acknowledged 
hypothesis that the earliest organisms on 
earth must have been anaerobic forms, viz., 
organisms that could exist on earth without 
oxygen and depended for their energy on 
die pioccss of fermentation. But in the 
course of time oxygen began to accumulate 
as a result of the solar decomposition of 
water vapour. Added to this, certain 
primitive organisms might also have released 
oxygen as a by-product of their simple 
photosynthesis, The presence of oxygen 
might have proved toxic to the early anae¬ 
robes, It is quite possible that the oxygen 
was eliminated as water by reduction and 
the reducing substances were the organic 
compounds that were part of the hydrogen 
transport system of the primitive anaerobes. 
Therefore, the organic compounds must 
have been excited to emit light with the 
help of the energy that might have been 
released in the process of conversion of 
oxygen to water. It is not to be assumed 
that all early organisms could easily get 
rid of oxygen in the manner described above. 
Only certain of the organisms could have 
succeeded in this direction and they were all 
potentially luminescent forms. 

It is also probable that the amount of 
oxygen present in the primitive organisms 
was extremely low. Experimental results 
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with bacteria show that biolununescencc 
could be produced with the use of oxygen 
in extremely low concentrations During 
the further course of evolution, anaciobcs 
could utilize oxygen in their metabolic 
process, without resorting to eliminate them 
as a toxic material. Therefore, the light 
reaction associated with the process of 
removal of oxygen was not of any selective 
value. But since it evolved with the 
primitive electron transport process, it 
could not be easily got rid off. The ex¬ 
perimental evidence obtained from lumi¬ 
nescent bacteria again shows that the light 
reaction is a side branch of the oxidation- 
reducuon reactions that extracts energy 


front food and the enzymes taking part in 
the reactions are not at all necessary for the 
proper metabolism of the organisms. For 
example, when the light production is 
suppressed by certain techniques m a 
eultmc of bacteria, the growth of them was 
not affected in any way. The non-luminous 
strains of bacteria obtained from the strains 
of luminous bacteria, by radiation techni¬ 
ques, showed normal growth and repioduc- 
tion Thus bioluminescence is consideied 
as a ‘vestigial system in organic evolution 1 
apd is supposed to be preserved in the 
various and unrelated speccis of organisms 
of the present day through the secondary 
process of adaptation. 


Scientific ideas rarely drop out of the blue skies. 
They grow and mature through the years, often 
through the centuries. They hang in the air until 
somebody able to grasp their importance picks them 
up and gives them shupe and meaning for us all. 


L. J. Ludoviei in The Chain of Life 



Fauna of Our Oceans—Littoral Life 
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HTHE word ‘ocean’ is derived from the name 
‘oceanus’ which the Greeks had given 
to a river that flowed,, according to them, 
around the earth considered by them to 
be flat. However, as our knowledge about 
the earth and the oceans surrounding it 
increased, the wheel maps of the olden 
days were replaced by the most modern 
ones which now tell us that there are three 
great oceans in this world, viz., the 
Atlantic, the Pacific and the Indian. The 
last one is named as such because it 
washes our shores which extend over nearly 
4700 kilometres 

Regarding the origin of these oceans, 
it may be stated that in the beginning, even 
the earth was just a part of the sun. It 
was, therefore, as hot as the sun itself when 
it separated from it. Gradually, however, 
it cooled down with the result that its outer 
surface became rocky, but the inner portion 
still remained at a very high temperature on 
account of the hot gases which originally 
constituted it These occasionally caused 
the eruptions of some of the rocks at their 
tips with the result that huge craters were 
formed and the hot lava flowed down the 
rocks. As a consequence of the high tem¬ 
peratures prevailing on the surface of the 
earth, it remained surrounded by clouds 
formed due to the condensation of the 
atmospheric vapour. Gradually, however, 
these clouds rained and the water, this 
collected in the huge craters and the 
valleys in between the rocks, formed the 
oceans. 


Those who have been to anY coast 
know that the sea water rises and falls at 
regular intervals. Such a rise and fall in 
the level of sea water constitute what we 
call the high and the low tides respectively. 
These are caused by the force of attraction 
which both the moon and the sun exert 
on our waters. The impact of the rising 
tides on the rocks is so great that they are 
broken completely with the result that we 
have sometime a shore which, instead of 
being rocky, is just in the form of a sandy 
beach. Besides these two types of shores, 
i,e., rocky and sandy, thcic is still another 
type which is muddy. Such a shore is 
found either at the mouths of the rivers 
or in some sheltered creeks. 

The strip of land which lies between the 
high- and low-water marks and wluch 
becomes uncovered twice daily when the 
tide is at its lowest ebb is known as the 
littoral zone of the sea shore. The conditions 
in the zone are so variable that the animals 
living comfortably in the cool waters of the 
high tide may be found stranded at the time 
of the low tide in a rock pool in which the 
temperature of water on account of the hot 
sun may even rise to such an extent as to 
cause the death of all the organisms living 
therein. Even the nature of the sea water 
itself is bound to change especially near the 
mouths of the rivers on account of its 
mixing up with the fresh water, On the other 
hand, the sea water in certain enclosed areas 
may become even more salty on account 
of its greater evaporation during summer, 
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la order, therefore, to successfully adapt 
themselves to such varying conditions, the 
animals living in the littoral zone have to 
be very tough and hardy. In spite of all 
these handicaps the fauna of the sea shore 
is so varied and dense that we have not got 
its parallel anywhere else. There is a 
continuous struggle going on between the 
inhabitants of the sea shore not only for 
their own existence but also for their food 
and reproduction. In this struggle only 
those animals which are strong and well 
protected survive and the others die. Their 
death can, however, be avoided only if they 
succeed m hiding themselves from their 
enemies. 

We shall now describe some of those 
ammals which live on our rocky shores. 
First of all we come across the sessile 
barnacles like Balanus firmly attached to 
the rocks in the form of small pyramids. 
They constitute a definite Balanus zone 
near the high-water mark. The common 
limpet, Patella may also be seen browsing 
on the sea weeds found in this area, Then 
there are the Chitons with their shells 
divided into eight pieces. Near the low- 
water mark the rocks are found covered 
over with a carpet of sponges of the various 
colours, colonial sea squirts like Bolrylltis 
and sea mats like Membranipora. Wc may 
also get here the various types of bivalves 
like the oysters, Mylilus and Pectcn etc. 
Whereas the oyster is permanently attached 
to the rocks by means of its shell, Mylilus 
and Peel on make use of their tough fibres 
constituting the ‘byssus’ to secure them¬ 
selves. 

Some other animals become exposed as 
soon as we start turning over the loose stones 
lying on the sea shore 


Just near the high-water mark, we get a 
number of small crustaceans like Gammarus 
and insects like beetles. As wc go down the 
sea shore, wc get Linens and some other 
nemertines. These worms are sometimes so 
long that it becomes impossible to take out a 
complete specimen without breaking them. 
We may also come across small techni- 
colourcd flalworms, moving slowly on the 
surface of the stones. Then there are the 
various types of bristle worms and as we 
icach the low-water mark, wc also get 
specimens of Nereis which are generally used 
as a bait. There is another common worm 
Palynnc which is not only broad but also 
flattened. Il is also provided with two 
rows of very large scales on its dorsal side, 
enclosing a space between them and the 
body wall which serves as a respiratory 
chamber. From amongst the crustaceans, 
the crabs are so common that you will 
got one variety or the other whenever you 
turn over any stone. The most charac¬ 
teristic of these is the hermit-crab which 
lives inside the empty shell of a gastropod 
and on that may occasionally be found 
attached either a small sea anemone or a 
sponge. Such an association of animals 
belonging to widely different groups is 
known as commensalism. In this type of 
association the sea anemone or the sponge 
provides protection to the hermit-crab 
and in return gets food by going from one 
place to the other riding on the swift moving 
hermit-crab. Starfishes and sea-urchins 
arc also quite common near the low-water 
murk. Where the former have live arms 
radiating from the central disc, the 
latter arc globular and covered over with 
long and thick spines. Another unique 
feature of both of these cchmoderms is 
the possession of a water vascular system 
which is so useful in locomotion, Some 
of the small fishes are also found hiding 



116 


M H< *'i. H n V 'i 


underneath the stones on the '<m shore 
Once, while looking for animals on the rush*, 
shore near Dwaraka, we could collect even 
an eel in a similar situation. Hut H wa 
really in a very ferocious mood when we 
located it underneath a stone and we had 
to do quite a good bit ol manoeuvring 
before we could get at it. 

Then m the holes and creeks of renks ate 
also available the various kinds of worm*', 
crustaceans and cchinodcrms like the Holo- 
thurians. Some of the rock burrowing moll¬ 
uscs like Uthaphagu strayoctopus which mav 
be lurking here and there in search of fish oi 
crustaceans on which it may dart without 
giving them any notice whatever. Another 
interesting feature about octopus is it can 
evade its enemies by making the water 
turbid with the ink which it gives out from 
us ink-sac while fleeing swiftly. 

The most fascinating spot on the sea 
shore for a zoologist is, however, a typical 
rock pool. The various types of sponges, 
hydroids, sea-mats and sea-squirts cover 
its sides. But among them the sea-anemones 
become all the more prominent because they 
just look like flowers with their rich and 
beautiful colours. Then there are the sea- 
slugs with their backs covered over with 
soft and grey projections, the sea-lemon, 
Doris and the prawns of various kinds, 

In contrast to a rocky shore, the sandy 
shore has an entirely different type of fauna. 
On such a shore all the encrusting animals 
are quite conspicuous by their absence 
because they do not find here any hard 
structures to attach themselves, As most 
of the animals on a sandy shore have to 
spend a good deal of their time under sand, 
they are very efficient in burrowing. For 
example Cardium can not only move about 


h .4 borrow H means of ns wedge- 
■haiH'd J*vnt w; it tan protrude through 
rite ttprnmr if, between the two halves of 
«* ''he'd In M'mr ot the burrowing mollusc 
she .Su 13 t’« jv-htfd n that they mav have 
a letter jrnp i*n ''and 'Ihe razor-fish, 
V.foi »u\ jI'.h W dug mu iKcadonally « 
the time «*f ,Vw tide I he two halves of 
the 'hell in this iri'lhwi form a cylinder 
whwli v- open at both emit. Whereas tie 
Sower opening i** lor the protrusion of the 
S«u. the siphons .nine out of the upper 
one Ke-itlf*' the mollusc", there arc a 
mmslHtf «; worm'- loom! buried in the sand 
with onh their tenures exposed. Of 
these, the l e: ebrihd*. can be easily made 
out on annum ii; their *artdv tube*,, rimpk- 
infr i*» atsothes mtjwunt member of the 
fauna .nailable cut ihe sandy shore and so 
is Amn, >'h u htc.it van be easily recognized 
by it*, pec uiiat castings lust like those of 
ihc earthworm on land. Quite near these 
cam mg*, one can ahn in live a '•mall depres¬ 
sion at the ha**c of whall is situated the 
head of the animal, its burrow bring U- 
shaped. Another animal found on a sandy 
shore and which may be easily mistaken foi 
a worm is Syrntpu. This is, however, 
an cchinodcrm and is related to the sea- 
cucumbers. Similarly, ihc cake-urchin, 
Glyprasicr may also be occasionally dug out 
of the sand. 

Wc also get here a number of crustaceans 
like the shrimps which can often be missed 
on account of their sandy colour. Besides 
them we have the various types of sea 
anemones which lie buried in sand with 
only their mouths and tentacles exposed, 
Some of the hshes can also be encountered 
tn the shallow waters of the sandy shores. 
Occasionally they may be .stranded in small 
pools on the sea beach. Similarly, sorot 
of the jelly-fishes and Siphonophores like 
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Physaha or the Portuguese Man-of-War 
and some sea-snakes are also left stranded 
on our sandy shores 


On a muddy shore also the burrowing 
forms are as abundant as they ate on a 
sandy shore, They may be btvalved mol¬ 
luscs or worms of the various types especially 
those found in the tubes. Of these, Sabella 
is provided with a rubber-like tube which, 
on the other hand, is quite thick and 
gelatinous m Adyxtcola. Then there are 
several varieties of sea anemones and crabs. 
Some of the air breathing fishes like Perio- 
phthalmus and Bole ophthalmia may also be 
encountered on our muddy shores. It is 
however, very risky to collect these animals 
because one may often sink knee deep while 
hunting after them in mud. Another group 
of animals which is equally well represented 
on a muddy as well as a sandy shore is 
that of Gcphyreans. They include the 
Echiurids and Sipuncuhds. The Echiurids 
have a nbbon-likc proboscis which is 
richly ciliated and glandular. The cilia 
help this animal in bringing towards its 
mouth minute microscopic organisms which 
are then glued together by the secretions of 
the glands. The forms which are commonly 
met with in our littoral zone belong to the 
genera Ikedosoma , Ochetostoma and Anelas— 
sorhynchus. 

The Sipunculids are characterized by the 
possession of a peculiar organ called the 
introvert’ which can be withdrawn when 
not m use. Another feature of this 
animal is the shifting of the anus towards 
the anterior end with the result that the 
antero-postetior axis is shortened. 

This brief survey of the animals in our 
httoial zone will not be complete if I do 
not make any mention of the coral reefs 


and islands. They are formed mainl> 
y the stony or Madreporarian corals which 
are also coelenterates just like the sea 
anemones. The only difference is that 
they secrete aiound and underneath them¬ 
selves a thick skeleton of calcium carbonate 
The corals may be solitary but most of them 
are colonial, each colony comprising a large 
number of individuals, their skeletons 
being fused together to form a very big 
stony structure. The corals which are 
generally displayed in our museums are 
only these skeletal remains which during 
life are covered over by the living tissues 
0 t ^ lc animal with the feeding polyps 
opening and closing rhythmically. There 
are also a number of corals which are just 
hydroids differing from them only in having 
a thick and calcareous skeleton. Millepora 
which is one such coral possesses two types 
of polyps—one devoid of a mouth but with 
batteries of stinging cells used for cap¬ 
turing the prey and the other with mouth 
for swallowing and digesting it. Tubi- 
pora or the organpipe coral is another 
important constituent of the coral reefs. 
It is, however, a false or Alcyonarian coral 
in which the skeleton is in the form of a 
large number of small tubes running parallel 
to one another. They are deep red in 
colour and are united by horizontal plat¬ 
forms. During life the green tentacles of 
the polyps can be seen projecting out from 
the free ends of these tubes. Only the 
upper portion of this coral is provided 
with living tissues, the lower being aban¬ 
doned with the gradual growth of the 
colony. The latter, therefore, becomes a 
wonderful abode for a large variety of 
animals. I he Bonellids, for example, with 
a bifid proboscis are usually found in some 
of these coral rocks. The males of Bonellids 
are minute worm-like creatures showing 
no resemblance whatever to the female 



118 


scuooi. scii.Nct. 


which, however, is quite big. The former 
lives like a parasite inside the nephndta 
or the uterus of the latter drawing its full 
nourishment from the host. The sex in 
this case is supposed to be determined by 
the environment, because the embryo grows 
into a female if it is allowed to develop 
independently. But if during development 
it comes in contact with a female, it grows 
into a male. 


It will, thus, he seen that in the littoral 
/.one of the Mia shore one can find a great 
satiety of animals, ranging from the minute 
unicellular protozoa right up to the most 
highly evolved mammals like the dolphins 
and porpoises which are sometimes left stran¬ 
ded there. .Similarly the penguins, seals and 
walruses visit the coasts during their breed¬ 
ing season. Even the sea turtles are known 
to lay their eggs in sand on the sea shore. 
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Development of Science Fairs in the U.S.A. 
How and Why the NSF-I Developed 

Margaret E. Paterson 
Science Consultant, Ford Foundation , New Delhi 


INTRODUCTION 

HE National Science Fair-International* 
was started m 1950 in the U.S.A as an 
attempt to serve a number of different 
purposes that concerned students, teachers, 
the news media, the scientific community, 
and the public in general. These will be 
discussed separately. 

Students • The need for scientists in 
our country was intensified by the rapid 
developments during and after World War 
II. For the needed manpower wc sought 
a way to increase student interest in science 
careers. If a way could be found to base 
judgement of aptitude in science on more 
than just marks—or grades—it was felt that a 
better assessment of their aptitude for 
science could be made and opportunities 
made for those so detected. We felt this 
must be put on an optional rather than a 
required basis to place a premium on 
motivation for the hard work that all 
science disciplines require. 

Teachers : At that time many of our 
science teachers were poorly paid, over¬ 
worked, and insufficiently trained for the 
fast-moving science our students should be 
learning. Better science teachers had been 
drained away in many cases by higher salaries 
in industry and government and a high 


percentage of those remaining were well- 
versed in pedagogy, but weak in science 
subject matter. There was a great need 
to align teaching with new concepts in 
science to prepare our students for ready 
acceptance into the world of the scientists 
without need for later retraining. It appear¬ 
ed possible to bring tills about by a closer 
alliance between teachers and scientists 
through the students with mutual benefit 
to all. 

The New Media : Science news in 
newspapers, magazines, radio, television 
was becoming increasingly important but 
there was need to personalize the facts to 
make them more palatable to listener- 
reader-viewer. A steady flow of human 
interest-type stories combining hard scienti¬ 
fic information with the warmth of human 
involvement would increase the demand for 
science news and the understanding of it. 
If this supply of news could be centered 
in youth it would be further enhanced as 
stories about young people are especially 
desirable in our culture. Therefore, news 
of young people doing up-to-date science 
would combine two important aspects 
of news-worthiness. 

The Scientific Community : All levels 
and all branches of science were in constant 
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need of new, well-trained personnel, Es¬ 
pecially sought by industry, government 
and the academic were young people with 
fresh ideas, aptitude proven to be beyond 
the average, sound theoretical information 
tempered with knowledge of practical appli¬ 
cations of theoiy and, most of all, willing¬ 
ness to tackle difficult problems with haul 
work learned through well-established habits 
of self-discipline Some way to spot such 
young people early enough in their academic 
training would make it possible to provide 
them with opportunities to develop their 
unusual qualities without delay and in line 
with their particular aptitudes and carcei 
desires. 

The Public in General : A way needed 
to be found to increase the science liieracy 
of our voting public to enable them to cope 
with problems they face as citizens in u 
country moving rapidly ahead in a world 
of science, This might be done by bringing 
science into their homes by encouraging 
their children to work in it—not merely 
study it. Public viewings of student work 
in science could be made a means of ex¬ 
plaining science through the displays of 
projects done by children. Explanations 
at this level would be more entertaining 
than lectures by adults. Job opportunities 
for young people needed to be understood 
by the parents so that they could help guide 
their sons and daughters wisely into the 
fields where they were most able to function 
at their maximum potential without fear of 
failure and financial loss from misplaced 
educauon. 

The NSP-I as originally planned and im¬ 
proved over a 15-year period has served to 
amalgamate these diverse elements in an 
amazing fashion and has opened new ave¬ 
nues of endeavour not dreamed of in 1950. 


The jY.V/'-/ m VMl 

In 1964, during the tluce days the 
MSI- -I was open to the public, 100,000 
people passed thtough the miles of exhibits 
to view the wotk ot the best the country 
could pioduce in student-science for that 
year Such crowds-or even larger—have 
been common at every NS1 ; -I as this show¬ 
case ol science had been taken to a different 
city annually to give people in all parts of 
the country u chance to see what is happen¬ 
ing among secondary school-age students 
headed for science careers. 

The decision to move the fair to a new 
city each year has provided an education to 
the adults who attend year after year to bring 
their current finalists. In no other way could 
they have had so rich an education in how 
science operates in the U.S.A. than to have 
had live days in each of the 15 cities with 
every minute planned to increase their know¬ 
ledge of the science unique to that city. 

Building science projects for science 
fairs has become such a common thing in 
the U.S.A. that the spring of the year is 
often referred to as ‘science-fair-fever 
time’. In 1964 it is estimated that at least 
1,500,000 exhibits were designed and con¬ 
structed for science fairs throughout the 
country. Besides the obvious benefits 
from this whole-sale intellectual competing, 
the intermingling of information that results 
from students meeting students, teachers 
meeting teachers, parents meeting parents, 
from many widely spaced areas has brought 
about a cross-fertilization of thinking that 
has enriched youth and adults in broaden¬ 
ing their knowledge of science. 

Many of the science fairs are financially 
sponsored by our newspapers and they 
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carry news of the boys’ and girls’ work from 
the simplest fairs through to the big finals 
at the time of the NSF-I. The amount 
of science news they must cariy to satisfy 
the craving for the ‘latest’ by their young 
readers extends the need to carry extensive 
science news throughout the 12 months. 
This is reflected too in magazines, radio, 
television coverage of the latest things in 
science. 

Parent, educator and scientist recognition 
of weaknesses in local schools, when their 
children’s work was compared to that of 
other communities and states, is partly 
responsible foi the wave of improvement 
that has swept our country in the last decade 
to up-date textbooks, retrain teachers, 
improve libraries and laboratories and in 
other ways, improve preparation of students 
for their future in science. 

Scientists, colleges, universities, job 
placement authorities are only a few of 
those who now rely heavily on the records 
made by our students in this form of 
extra-curricular effort in science. High 
standing in science fairs is an indicator of 
dedication to effort that sways acceptance 
in jobs, undergraduate enrolment and 
careers. 

That the NSF-I programme has lasting 
appeal for the students is evidenced by the 
fact that the number competing at the 
NSF-I has had a steady rise from 30 in 
1950 to 420 in 1964. The popularity at the 
local level has been so great that in many 
cases the eliminations have had to be in¬ 
creased in order to accommodate those 
appearing for the final regional or state 
fairs. Even with these eliminations some 
of these fairs now have as many as 5,000 
exhibits on the floor at one time. 


It is hard to guess which had profited 
most from the science fair programme: 
students, teachers, scientist community, 
the news media, the public in general. 
There can be no doubt that the idea is 
suitable for our culture and gives no hint 
of dying out now or for any time in the 
future. 

The NSF-I in Baltimore 

During May 5-9 1964, Baltimore, Mary¬ 
land, entertained die Fifteenth Annual 
NSF-I. This exciting, intellectual gathe¬ 
ring for boys and gills, who plan to be 
scientists, was visiting this city for the 
first time. Baltimore had spenL three years 
getting ready to show off the science of 
city (as had 14 other U.SA. cities in the 
previous years) and arrange trips and ex¬ 
cursions to points of scientific inteiest as 
far away as Washington D C., Annapolis, 
Maryland and Gettysburg, Pennsylvania. 

The ‘stars’ of this big show of science 
were 420 secondary school students from 
the 10th, nth and 12th year of high schools 
in all parts of the U.S.A. and from many 
foreign countries. They had survived from 
one to five judgings by teams of scientists. 
They had started m their local school 
science fair and moved on to compete in 
subsequently larger inter-school and country¬ 
wide fairs, until they were fortunate to be 
chosen to represent one of the 222 regional 
or state fairs serving most of the country 
through a system of carefully laid out 
territories in which students could compeLe 
in the fairs with a minimum of travel on 
their part. 

The 420 students were 15 to 18 years of 
age and brought with them to Baltimore 
the projects they had designed and built 
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to illustrate the extent of their extracurri¬ 
cular work in Science over a period »t 
months or even years. Most of them were 
‘old hands’ at science fairs since they had 
participated from the beginning of their 
schooling (some as early as kindergarten 
or primary school) and were in the habit 
of winning. Some had even been to the 
NSF-I before as contestants in othei 
cities (a student may be named three times 
to be a finalist). But none of them had 
ever faced so formidable a competition as 
this one, The quality of the NSF-I 
escalates as the competition raise the judging 
more stringent by each passing year. Over 
350 eminent judges, representing every 
facet of science and technology, were 
assembled from great distances as well as 
in and near Baltimore to pass judgement 
on the finalists. Each one of them was 
privileged to talk to and received guidance 
from at least five of the judges. 

The 420 finalists were accompanied by 
adults : science teachers,sciencefair directors, 
news reporters and news photographers. 
Each of the 222 affiliated fairs had sent 
with their contestants an adult party of 
four to ten persons to enjoy the minute- 
by-minute programme and learn with the 
students what lay ahead in the future of 
science. The adults were sent on the all- 
expenses-paid trip to perform certain func¬ 
tions and gam additional training too. 
Each was charged with the duty—as were 
tile finalists—to impart their new knowledge 
to those left ‘at home’ waiting to hear 
their newspapers, radio, television or in- 
through persons’ reports of the pleasures 
and learning absorbed at the NSF-I. 

Science teachers met science teachers 
to learn new ways of teaching and inspiring 
young scientists. 


Science Fair Directors met others having 
similar duties to exchange ideas on 
how to improve the mechanics of small 
fairs leading to their regional or state ones 
over which they had jurisdiction. 

News rcrotters and photogtaphers repor¬ 
ted every event of the thrill-packed trips, 
expeditions, lectures, visits to research 
laboratories, entertainments, banquets, and 
so on, to those at home so that they could 
follow each step of the busy five days as 
experienced by the 15-18 year-olds that 
represented them at this international func¬ 
tion. 

The NST'-l Aiutnh 

The awards at the NSF'-I arc of two kinds 
and there is no limitation on how many a 
finalist may receive. 

One set of awards is a dividing of funds 
contributed as entry fees for affiliating 
with the NSF-I. This fee is paid by the 
local group holding the regional or state 
fair and may be collected from many local 
sources or contributed by one agency, such 
as a newspaper, university, civic group, 
etc, This fee entitles the fair to send not 
more than two finalists to the NSF-I, 

The NSF-I Awards are set up to serve 
all fields of science with 1st ($100), 2nd 
($75)> 3rd ($50), 4th ($25) awards (the 
number totalled 297 awards in 1964)' 
Each finalist, as soon as chosen to represent 
an affiliated science fair, fills in a ‘Wish 
List’ of exactly what is desired, if any of 
these awards is won. They may 
‘wish* for any kind of scientific apparatus, 
equipment, publications or such that will 
further their work in science, but no money 
is given outright. As soon as the NSF -1 
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Awaids are made the ‘wishes’ arc granted 
and the materials requested are secured and 
sent to the award winners. 

Listed below are the 1 st and 2nd NSF-I 
Awards for 1964 showing the age of the 
finalist, title of the project and the category 
in which the award was made. The name 
of the State or country of the winner is 
given m parenthesis. 

BOTANY 

First 

17* Research on the Pollen of Lilium 
longifoliwn. (Japan) 

16 Antibiosis Study of Fresh-water and 
Marine Algae. (Indiana) 

Second 

16* Evaluation of CO z and O, Production 
by Aquatic Plants in a Closed Ecological 
System under Controlled Illumination. 
(North Dakota) 

17 Answers to the ‘Papaya Repllant Pro¬ 
blem’. (Hawaii) 

CHEMISTRY AND BIO-CHEMISTRY 

First 

16 Spectropolarimetric Analysis of the 
Secondary Structure. (New York) 

18 Control of Anthocyanin Synthesis by 
the Photoreceptor System. (Georgia) 

Second 

16* Immunoelectrophoresis. (Pennsylvania) 


15 Isotropic and Anisotropic Polymers. 
(Illinois) 


EARTH AND SPACE SCIENCES 
First 

ifi* Jupiter—Composition, Structure, Ori¬ 
gin. (Virginia) 

18 Atmospheric Refraction of the Low 
Sun. (West Virginia) 

Second 

18* An Analytical Study of a Martian 
Phenomenon. (Florida) 

17 The Making of a Ramjet. (California) 

MEDICINE AND HEALTH 
First 

17* Mutagenic Effects of Ultraviolet Radia¬ 
tion on a Strain of Bacillus subiilu. 
(Minnesota) 

17 Determination of Suppressor Gene 
Loci in E.coli K-12. (Texas) 

Second 

17 Possible Site of Action of Hormones in 
Tctrahymena pynformis, (Rhode Is¬ 
land) 

18 Behavioral Tests of Offspring from the 
25th GeneraUon of X-Irradiated Mice. 
(New Jersey) 

16 Production and Testing of Avian Pron- 
chitis Vaccine. (Iowa) 
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PHYSICS 

Firm 

r6 Nuclear Quadrupole Resonance Effects. 
(California) 

16 A New Nuclear Magnetic Interaction. 
(Massachusetts) 

Second 

18 Stoichiometric Doping of IntcrmetalLic 
Thermo Elements. (Arizona) 

17 Design of Autogyros. (Texas) 
MATHEMATICS AND COMPUTORS 

First 

17 Analysis of the Total Number of 
Twists Resulting from Cutting of Any 
Order Moebius Band with Any Number 
of Cuts. (Kansas) 

Second 

17 ESP—Fact or Fiction. (Connecticut'! 
ZOOLOGY 

First 

17* Germ-free Chicken Experimentation. 
(Kentucky) 

18 Stimulus Induced Changes in the 
Synaptic Complex. (Kansas) 

Second 

17 The Voice of the Coqui. (Puerto Rico) 

16 Inducing Pregnancy by Artificial Inse¬ 
mination in C-57 Mice. (Pennsyl¬ 
vania) 


The Profcicimhil A' tirjs 

The second set of awards at the NSF-I 
is given by various professional organizations 
and governmental agencies for projects 
done by students within the range of the 
interests of those organizations and agencies. 
Each provides its own judges to look for the 
specific types of work in which they are 
anxious to find competent young people 

The a wauls given are varied and show the 
opportunities official to promote the training 
of those chosen—and often for their science 
teachers also. 

The list below* gives the top winners only 
with their ages, titles of their projects and 
home state. 

The American Chcmual Society 

To each of two finalists a plaque and 
S100 for science materials and study, 
Plaques for two alternates. Subscriptions 
to Journal of Chemical /u/ucation for all 
four. Special plaques to one teacher of each. 

17* Detection, Identification and Isolation 
of Natural Ptcridincs and Their Effects 
on Embryonic Development, (Loui¬ 
siana) 

17 Isolation of Sodium Superoxides from 
Sodium Qzonide. (Massachusetts) 

The American Institute of Biological Sciences 

Expense-paid trips to the annual AIBS 
conventions for two finalists. 

16 Effects of Gamma Irradiations * In¬ 
duced Mutations on Snapdragons. 
(Pennsylvania) 
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iS Stimulus Induced Changes in the 
Synaptic Complex, (Kansas) 

The American Institute of Mining, Metallur¬ 
gical and Petroleum Engineers 

Certificate to first and alternate finalist. 
$100 (to first) $75 (to alternate) U.S. 
Savings Bonds. Subscriptions to one of 
AIME journals to each. 

17 Tin—The MeLal That Cries. (New 
York) 

The American Psychological Association 

Certificate of Merit to first and alternate 
finalists. Sioo U.S. Savings Bonds to 
first. 

15 Does Mother-Fetor During Infancy 
Affect Growth and Bchav.our in Matu¬ 
rity ? (Georgia) 

The American Society for Microbiology 

Plaque, Certificate of Merit, $100 to 
first to further career. 

Plaque, Certificate of Merit, $75 to 
second to further career. 

Honorable Mention plaques to three 
alternates. 

16 Production and Testing of Avian 
Bronchitis Vaccine. (Iowa) 

The Entomological Society of America 

$100 U.S. Savings Bonds and current 
issue of Annual Review of Entomology. 

IT Fractionation of Drosophila melano- 


gastcr and Correction of Hereditary 
Diseases. (Maryland) 

The National Aeronautics and Space 
Administration 

Certificates of Merit and two-day visits 
to NASA facilities to each of 12 finalists 
in six categories. Each of 12 to name 
one teacher to accompany him or her on 
the visit. Expenses-paid for all. 

In Aerodynamics and Space Flight 

17 Design of Autogyros. (Texas) 

15 Effects of Rocket Flight on Training. 
(Michigan) 

In Space Vehicles 

18 Micrometeoroid Erosion and Spacecraft 
Materials. (Oklahoma) 

15* Mouse in a Closed Ecological Environ¬ 
ment. (Washington) 

In Space Propulsion Systems 

17 Acceleration of Charged Parucles for 
Space Propulsion. (Mississippi) 

17 The Making of a Ramjet. (California) 

In Space Life Sciences 

18* An Analytical Study of a Martian 
Phenomenon. (Florida) 

17* Sleep—A Habit ? Rest—Necessary ! 

(New Mexico) 



126 


V HIM 1/ S' II Nt ,T 


In Space Physical Siui-niis 

17 General Mathematical Model ol a 
Zwicky Humason Star. (Virginia: 

16* Jupiter—Composition, Structure, Ori¬ 
gin (Virginia) 

In Space Ei.ecironics and Communka- 
1 IONS 

16 Experiments in Simplification of Tele¬ 
vision Image-Conversion and Trans¬ 
mission. (New Jersey) 

16 Simultaneous Oscillations in Negative 
Resistance Devices (Texas'! 

The National Committee for Career* in 
Medical Technology 

A certificate, a summer (vacation) job at 
the American Registry Pathology at the 
Armed. Forces Institute of Pathology in 
Washington D C. and S100 travel expenses 
for the journey. One alternate ; two hono¬ 
rable mention citations. 

17 Thalidomide Induced Teratogenic 
Differentiation in Chick Embryos. 
(North Carolina) 

The National Pest Control Association 

Certificate and ?ioo for science materials 
and experimentation in biology. 

17 The Fascinating World of the Ant, 
(Kentucky) 

The National Telemetering Conference 

Certificate and trip to annual conference 
of NTC to show project there. Choice of 


teacher u> .nenmpam on trip. One alter¬ 
nate 

r* Multi-Channel Optical Communica¬ 
tions. Honda 

1 he ()final Stu mv >'t Annina 

.Trio lor first for second) for 

materials, equipment or books, 

i" Determining the Velocity of Light, 
■Colorado; 

The Society of if ’omen Jiuginecrs 

%ioo V S. Savings bond 

17* Quantization nt Direction in a Magnetic 
Field; the Stern-Clerlach Experiment. 
(Now Mexiuv 

TheU.S. Atomic Thirsty Commission 

Certificates ami trips to Argonnc National 
Laboratory for 10 finalists and choice of one 
teacher each for aU-expenses-paid trips. 10 
alternates received certificates. 

17* Bacterial Protection Against Radiations, 
(Maryland) 

17* Bio-chcmistry of Cholesterol in the 
Biosynthesis of lirgosterol in Near os- 
fora, (California) 

16* The Universe ol Subatomic Structure, 
(Louisiana) 

17 Germ-Free Chicken Experimentation. 
(Kentucky) 

16 A new Nuclear Magnetic Interaction, 
(Massachusetts) 
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17 Effects, of RNA and DNA Nucleotides 
on Growth, Morphology and Bio¬ 
chemistry of Irradiated II. cali. (New 
York) 

17* Atomic Transmutation. (Michigan) 

15* Spark Chamber Construction and 
Operation. (Texas) 

17* Effects of Radiation on Electrocardio¬ 
graphic Development of the Chick 
Embryo Heart. (Oklahoma) 

18 Effects of Serotonin Against Gamma 
Radiation. (Michigan) 

THE U. S. PATENT OFFICE AWARDS 

(sponsored by the Patent Office Society) 

Certificates and $50 to one in each 

category. 

In Mechanical Engineering 

17* The making of a Ramjet. (California) 
In Electrical Engineering 

16 Experiments in the Simplification of 
Television Image-Conversion and 
Transmission. (New Jersey) 

In Chemical Engineering 

17 Isolation of Sodium Superoxide from 
Sodium Ozonide. (Massachusetts) 

For Design or Dramatic Vaiue 

17 Clowning Around with Algebra, 
(Tennessee) 


The U.S. At my 

A ceitilicate and either a trip to an Army 
Research facility or the opportunity to 
accept a salaried summer job as a student 
trainee in a research laboratory of the Army 
for each of 19 linalists. Meritorious second 
award to 17 finalists. 

17 Plasma Physics (West Vuginia) 

16 Simultaneous Oscillation m Negative 
Resistance-Devices. (Texas) 

17 X-Ray Power Supplies (Florida) 

16 A New Nuclear Magnetic Inteiaction. 
(Massachusetts) 

15 Learning Ability of Four Rodents 
(Arkansas) 

16 Inducing Pregnancy by Artificial In¬ 
semination in C-57 Mice (Pennsyl¬ 
vania) 

18 Atmospheric Refraction of the I.ow 
Sun, (West Virginia) 

17 Phenomena of the Fluvial Geomorphic 
Cycle. (Oklahoma) 

17 Analysis of the Total Number of 
Twists Resulting from Cutting any 
Order Meobius Band with any number 
of Cuts. (Kansas) 

18 Fluid Computer System. (Alabama). 

16 A Machine which Duplicates the Learn¬ 
ing Process. (Texas) 

17* Influence of the Borate Ion on Crystals 
of Sodium Chlorate and Sodium Borate 
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Orientated in an Electric Field. 
(Kansas) 

16* SpeGlropolanmctnc Analysis ol the 
Secondary Structure ot Gramiddin-S 
and Tyrocidine-A. (New York). 

18 Control of Anthocyanin Synthesis by 
the Photoreceptor System. (Georgia) 

17* Effects ofRNA and DNA Nucleotides 
on Growth Morphology and Bio¬ 
chemistry of Irradiated E.ioli. (New 
York) 

18 Hibernation vs Hypothermia. (Arizona) 

17* Electrical Conductivity in Malignant 
and Non-Malignant Tissues. (Indiana) 

17* Immunological and Serological Studies 
of Plant Lectins as Related to Blood 
Grouping. (Ohio) 

17* Some Aspects of Marine Microbiology. 
(Texas) 

The Armed Forces Chemical Association 

Plaques and 550 toward transportation 
expenses to their XJ.S. Army job or trips to 
five of the persons named for U.S. 

The Amy Aviation Association 

A plaque and $100 to two finalists. 

17 Design of Autogyros. (Texas) 

Y 

17 The Making of a Ramjet, (California) 
The U. S. Navy 

Ten finalists were designated as Navy 


Sucikc C‘rimers and awarded Principal 
Awards Certificates and oiiiual U.S. Navy 
binoculars in addition to science-oriented 
tups on C.S. Naval vessels and at land- 
b.iscd I'SN research i .tv rimes. 

17 Determination of Suppressor Gene 
I.oci in II, colt K--12. (Texas') 

17 A New Concept m Metallic Crystal 
Structure. ! Kentucky) 

ih A New Nuclear Magnetic Interaction. 

{ Massachusetts) 

17 PI,imodium b,rt>hti: p-nminobenzoate, 
(Maryland 1 

18 Micromcteorord Erosion and Spacecraft 
Materials. -Oklahoma* 

16 Constructional and Operational Prob¬ 
lems of High Speed Displacement 
Hulls. (Massachusetts) 

16 A Machine which Duplicates the Learn¬ 
ing Process, (Texas) 

16 Effects of High *G’ on Living Things, 
(Washington) 

15 Spark Chamber Construction and 
Operation. (Texas) 

The U. S. Air Force 

A plaque and cxpcnscs-paid trips to 
USAF research facilities and salaried summer 
jobs at research laboratories in the fields 
of the individual interests of 10 finalists 
in that many categories. Eleven alternates 
were named. 
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In Aerospace Biological Sr.ima.s 

1 6 Biochemical and Physiological Analysis 
of the Haemoglobin in Daphnia magna 
Strauss, (Texas) 

In Aerospace Chemistry 

17 Chemical Analysis by Infrared Spec¬ 
trophotometry. (Montana) 

In Aerospace Dynamics 

17 Design of Autogyros. (Texas) 

In Aerospace Electronics and Communi¬ 
cations 

16 Simultaneous Oscillations 111 Negative 
Resistance Devices. (Texas) 

In Aerospace Environmental Sciences 

17 Extratropical Cyclones. (Washington 
D.C.) 

In Aerospace Medicine 

18 Hibernation vs Hypothermia. 
(Arizona) 

In Aerospace Physics 

16 Nuclear Quadrupole Resonance Effects. 
(California) 

In Aerospace Physiological and Social 
Sciences 

17* Sleep—a Habit? Rest—Necessary 1 
In Aerospace Propulsion 

17 The Making of a Ramjet. (California) 


In Mathematical and Coaiputational 
Sciences 

17 Generalizations of Circular and Hyper¬ 
bolic Functions. (Virginia) 

American Dental Association 

Certificates of Superior Achievement to 
two, both to be guests at ADA annual 
meeting. Certificates for Meritorious 
Achievement and §50 for scientific equip¬ 
ment to two others. 

First 

18* Electrophoretic Investigation of Rabbit 
Plasma Proteins—Effects of PTIi In¬ 
jection. (South Carolina) 

Second 

18* Regeneration of the Caudal Fin in 
Lcbistes rcticulatus. (Oklahoma) 

American Medical Association 

Citation and plaques to two. Both to 
be guests at annual meetmg of AMA. 
Honorable Mention, citations and plaques 
to two others. 

First 

18* Rous Sarcoma : Preparation of Heat- 
Killed Vaccine and Antiserum. 
(Alabama) 

Second 

17 Thymus Research. (Indiana) 

American Pharmaceutical Association 

Plaque and choice of a trip to the annual 
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meeting of APHA or a cash award to American Vcicnnary Mcdnal Association 
further scientific education. Plaque for 


second. 


First 


17 Antagonistic Effect of Snake Venoms 
on Staphylococcal Infection. (Florida; 


Second 


Science Youth Award and an invitation 
to annual meeting of AVMA, to first; 
Meritorious Achievement Award to second. 

Firm 

iH Hlecim-AnaestheMd in Small Animals. 
Iowa* 

SuxiNO 


16* 


Effects of Tranquilizcis on Turtle n Sequential Replication ot Chromosomes. 
Heart. (Michigan) 'Texas' 
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REPRINTS IN BIOLOGY 

B.S.C.S. Biological Science : An Inquiry Into Life (Textbook) 

l’p. 7 M. Price Rs. 8.00 
B.S.C.S, Biological Science ; An Inquiry Into Life (Teacher’s Manual) 

Pp. HO. Price : Re. 1.00 

B.S.C.S. Biological Science . An Inquiry Into Life (Student Labora¬ 
tory Guide) 

Pp. 103 . Price : Rs. 2.00 
B.S.C.S. Biological Science ; An Inquiry Into Life (Teacher’s Manual 

for Student Laboratory Guide) 

Pp. 302 . Price : Rs. 2 . 50 

These four books were prepared [by the Biological Science Curri¬ 
culum Study of America and published by Harcourt, Brace & World, 
Inc., U.S.A, Now these are reprinted in India by the National Council of 
Educational Research and Training, New Delhi, 

ORDER YOUR COPIES FROM : 

The Chief Publication Officer, 

National Council of Educational Research and Training, 

114 —Sunder Nagar, 

New Delhi—11. 
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Around the Research Laboratories in India 


Central Building Research Institute 


S TARTED as a Building Research Unit 
attached to the Univcisity of Roorkee 
in 1947) the Central Building Research 
Institute became a full-fledged National 
Laboratory in 1953, Research at the 
Institute aims at improving existing building 
materials and techniques, evolving new 
processes with a view to 1 educing construc¬ 
tion costs and ensuring the economic use 
of materials, The work is organised undet 


seven divisions: Building Materials; Soil 
Mechanics and Foundation Engineering; 
Efficiency of Buildings ; Design and Per¬ 
formance of Structures; Architecture; Build¬ 
ing Practice and Pioductivity; and Survey 
and Information. In addition, there is an 
Extension Cell with the responsibility of 
popularising the work of the Institute and 
getting its findings implemented in the 
building industry. Although the work is 



Fig 1. Central Building Research Institute, Roorkee 
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being carried on under various divsions 
for administrative convenience, many of ihc 
problems being tackled involve more than 
one division and the scientists and engineers 
working at the Institute are encouraged to 
join hands and bring an interdisciplinary 
approach, viewing the building as a whole, 
The Institute has at present on its rolls 
around 120 engineers and scientists, 

Building Materials 

For a long time to come, bricks will 
continue to be the cheapest material of 
construction for walls of houses- Although 
the technique of brick-making dates back 
to the Indus Valley civilization, the impa..t 
of technology on this art has been practically 
negligible. By and large, bricks continue 
to be made in traditional kilns ns they were 
being done a hundred years ago. The 
Institute has carried out studies to improve 
the performance and thermal efficiency of 
the Bulls Trench Kiln. In many parts of 
the country, especially Madhya Pradesh, 
black cotton soil is encountered which is 
unsuitable for brick making. Techniques 
have been developed at the Institute to 
produce good bricks out of such soils by 
adding grog (partially calcined day). The 
process has been successfully applied for the 
manufacture of bricks on a semi-commercial 
scale at Indore. Studies have also been 
carried out on problems of the tile industry 
and it has been established that the addition 
of ammonium chloride to clays effectively 
arrests the cracking and warping of tiles. 
Acid resistance bricks were produced from 
selected alluvial soil of the Indo-Gangeiic 
plain by firing to a temperature higher 
than xo5o°C. 

Another programme relates to the produc¬ 
tion of light-weight aggregates from fly ash, 


a waste product of thermal power plants 
using pmv tiered cn.il. Properties of concrete 
made out of such light-weight aggregates 
have Isecn studied in detail. Studies have 
also been completed on the possible utiliza¬ 
tion of fly n-tii as .1 substitute for surkhi in 
lime pu/zul,111,1 mortars and for partial 
replacement of cement m concrete. On the 
organic material side, the possibility of 
manufacturing particle boards from coconut 
pith lias been successfully pursued. The 
wide possibilities of cashewnut shell liquid 
as a iaw material for developing, water¬ 
proofing and lire retarding coatings for 
plastic's arc being exploited 

The current research programme includes 
new projects on mechanised brick making, 
protection of reinforcement in brick work, 
survey of clay deposits for the manufacture 
of bloated clay aggregates, acid resistant 
flooring materials, use of plastics in 
buildings, etc. 

Soil Engineering 

The under-reamed pile foundation for 
use in black cotton soil areas is the most 
remarkable achievement in Soil Engineering 
field. Structures built on expansive clays, 
like black cotton soil, often crack because of 
differential movement caused by alternate 
swelling and shrinkage of the soil. The 
under-reamed pile foundations designed by 
the Institute have proved satisfactory and 
economical for buildings in black cotton 
soil areas. Large scale constructions adopting 
this improved design have taken place and 
sufficient information on the technical know¬ 
how is now available. A further improve¬ 
ment of the process is the technique of 
double-under-reaming which has been 
found to increase the bearing capacity by 
50 per cent. 
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Fig, 2 Scientist engaged in tnaxml shear test in 
Soil Mechanics Laboratory 

Considerable research on the improvement 
of the design and performance of pile founda¬ 
tion has been made and reliable means of 
estimating the load bearing capacity of 
piles, without having to wail for the con¬ 
ventional and Lime consuming loading tests, 
have been developed. The Soil Engineer¬ 
ing division has also assisted many large 
projects, such as the Antibiotics Project at 
Rishrkesh, Explosives Factory at Nagpur, 
Hindustan Photofilm Factory at Ootacamond 
and a large number of CPWD and State 
PWD building projects, with complete 
project reports oil soil investigation. Studies 
on well foundations and deep pile foundations 
have been included in the current research 
programme 

Design and Performance of Structures 

The accent of work in this division is 
on the use of improved structural forms 
like shells, and new material like prestressed 


concrete with the object of saving scarce 
materials like cement and steel. The pie- 
cast doubly-cuived shell roof developed at 
the Institute cuts construction costs, 
besides speeding up work and saving cement 
and steel. This form of construction found 
large scale application in Lhe one-crore 
Amar Project at Ambala. Continuous folded 
plates developed at the Institute found 
application in looling Lhe Indo-Swiss 
Training Centre at Chandigarh This divi- 

- < n 7rj v i,, , j 1 . ■ ^ i , ( as*j 



Fig. 3. A portion of Institute building with 
shell roof 


sion has also assisted many organisations 
such as CPWD in the design of Grain 
Godowns, the Madras Port Trust in the 
design of pre-fabricated funicular shells for 
the floor of transit sheds, the Army m the 
design of the high-altitude hut and the 
Railways in designing railway platform 
roofs. It is well equipped to carry out 
tests to destruction on fullscale bridge and 
building components. A Computing 
Centre with an Electronic Digital Computer 
is also available for carrying out complex 
structural calculations, 

New projects in this division include, 
design and development of prefabncation 
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systems, use of high strength friction holts 
and studies on multi-storey buildings. 

Building Practice ami Pradmtmty 

This division concentrates on productivity 
research and assists the building industry by 
offering advice on construction problems. 



Studies on 8 in cavity wells (2 leaves ot 
brick on edge with 2 in cavity) have revealed 
that they are structurally sound and can 
be readily adopted for load bearing walls in 
multi-storoyed construction.The development 
of a new type of precast hollow concrete 
unit with trapezoidal cells for flat roofs is 
another major achievement of this division. 
Tests carried out on these cellular roofing 
units indicate that they are suitable for use 
m non-industrial buildings subjected to 
liveloads up to 40 p.s.f. A masonry-saw 


dc'. duped us .1 substitute lor imported 
‘•uv.., h.i, or.cn siiisl.u.tmy results. Work 
studies lime been (.lined nut with the 
nbH'st of impin', ms; the cliieiency of ] a yi ng 
Rid! s|,ihs and ’.‘"tiding c.tuty walls, 

Xew prweus in this division include, 
single stack system ol plumbino, work 
studies on output and gun ; sizes of skilled 
and unskilled labour, trends if costing 
patterns in buildings, etc. 



big. i. Museum Inul.Inii: showing folded 
plate rttui 


liffiacruv of Buildings 

The bulk of the programme in hand is 
devoted to comfort studies on buildings, 
As the proper orientation of buildings can 
make all the difference in so far as comfort 
is concerned, the division has compiled a 
comprehensive Solar Atlas which helps the 
Engineer in selecting the best orientation 
at any given location in India with due 
regard to humidity, temperature and the 
direction of prevailing winds, Data were 
collected on the thermnl responses of full 
scale test houses and supplied to the air- 
conditioning industry. Remedial measures 
for noise abatement are being studied and 
the functional absorbers developed at the 
Institute may offer a possible answer. 
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Studies liave also been carried out on the 
optimum slopes of North Light Roofs to 
provide unifoim illumination in factory 
buildings with diffeicnt hay widths. Data 
on the mcasuicd noise levels in factories 
having a variety of heavy machinery have 
been collected with the object of determining 
their spectral distribution and loudness 
levels. 

New projects include rain protection 
devices on windows, utilization of solar 
eneigy for heating and refrigeration and 
development of electronic instruments foi 
flaw detection in metals. 

Architecture 

One of the research programmes in 
architecture relates to the choice of dimen¬ 
sions of classrooms for primary schools. 
Based on anatomical measurements of chil¬ 
dren in the local primary schools, the 
optimum size of a class room has been 
found to be 20 ft. x 20 ft. accommodating 
forty students. Another study in progress 
relates to the design of vertical and hori¬ 
zontal accesses to multi-storcyed residential 
flats, 

Survey and Information 

This division handles information, public 
relations and publicity, publications, library 
and documentation, industrial surveys and 
operational research. It acts as a liaison 
with outside bodies and agencies and 
disseminates information on the work being 
done at the Institute. At the same time, it 
is in constant touch with building research 
laboratories all over the world and attempts 
to keep its scientists informed of the research 
going on elsewhere. Industrial surveys in 
the field of building industry have been 
included in the programme. 


Other Activities 

Besides conducting research on problems 
of the building industry, the Institute 
functions on the Committees of Indian 
Standards Institution and helps 11 m framing 
standards and codes of practice. It works 
in close collaboration with organizations 
such as the National Buildings Organization 
and various committees of the Building 
Protects Team of the Committee on Plan 
Projects. At the international level, the 
Institute functions on the working groups 
set up by the C.I.B. (International Council 
for building research studies and docu¬ 
mentation). It also influences the profession 
and popularises new processes and tech¬ 
niques by holding periodical symposia on 
subjects of current interest. 

Research and Training Facilities 

The Institute possesses the latest equip¬ 
ment and amenities for advanced research 
in the fields of soil mechanics, structural 
engineering, acoustics, heat transfer, illu¬ 
mination and chcmisLry of building 
materials. An I B.M. 1620 Digital Com¬ 
puter has recently been installed. 

Senior and junior research fellowships 
are offered to young scientists and engineers 
with good academic record to help them to 
acquire training in research methodology. 
Apprenticeships are offered to graduate 
scientists and diploma holders in engi¬ 
neering. 

During the vacations, university teachers 
are invited to avail of the research facilities. 
Similarly, scientists and engineers engaged 
in other institutes or the industry are wel¬ 
come to take advantage of training and 
testing facilities. 
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Advanced courses on specialised subjects 
are occasionally organized. 

Library 

A well stocked library is maintained and 
special publications including reports, 
reprints, proceedings, etc., are quickly 
procured from all parts of the world. At 
present, the total number of books and other 
scientific publications held in the library 
exceeds 20,000. The library receives about 
400 periodicals from all over the world. 

Efficient documentation and other special 
library services like translation, photo- 
reproduction, etc., are provided to research 
workers. Special project-oriented biblio¬ 
graphies are prepared. 

Publications 

The Institute publishes, for wide 
circulation, Annual Reports summarising 


the progress nt research. Xh e 
InMitmc brings out a series of Building 
Digest', and Unfitting Materials Notes 
summarising .n .u Sable information on 
selected huildms: topics I’m the use of 
engineers and architects in India. Other 
publications in the form of manuals on 
specialised building techniques are brought 
out occasionally. The proceedings of sym¬ 
posia held in the Institute arc published 
which contain the papers presented and the 
discussions 1 hereon. 

Museum 

The Institute maintains a museum for 
exhibiting, through models, charts, tables, 
photographs and samples, ihe progress of 
research, A large number of visitors in¬ 
cluding students from universities and 
institutions visit this museum and arrange¬ 
ments arc made to explain and demonstrate 
the various exhibits. 


NCERT 

PUBLICATIONS IN GENERAL SCIENCE 

General Science—Handbook of Activities : Classes VI- VIII 

Pp. 458; illustrations 448; June I 96 I 
Price , Rs. 9 , 50 . Foreign : 22 sh. 6d or S 3.42 

A guide book to teachers to develop Concepts in General Science through pupil 

activities 

General Science Syllabus—Classes I—VIII 
Pp. 134 . May 1963 

Price ; Rs. 2.25 Foreign : 5 sh. 3 d or HI cents 

The concepts are grouped under 13 units 
Copies Available from : 

The Chief Publication Officer 

National Council of Educational Research and Training 
114 , Sundar Nagar, New Delhi-11 
or any Approved Sales Agent. 



Classrwm experiments 


CONVERTING HEAT ENERGY 
INTO ELECTRICAL ENERGY* 

A thermocouple converts heat energy into 
electrical energy. To demonstrate that 
electricity may be generated from heat, make 
a thermocouple and connect it to a galvano¬ 
meter as shown in the figure. Take a piece 
of iron or nichrome wire about one metre long, 
and two pieces of copper wire. Snap the 
ends of the wire clean and twist the copper 
wiies to the iron or nichrome wire as shown. 
Heat one of the junctions on a bunsen flame 
and coil the other end in icc-watcr. Observe 
if a current flows through the galvanometer. 


Its poles can be reversed by changing the 
direction of the current flowing in the coil 
of wire. 

1. To make an electro-magnet, wrap many 
turns of an insulated wire around a soft iron 
bolt. There should be from 25 to 100 turns 
of wire. Number 18 copper or aluminium 
wire works well. The insulation may be 
enamel, plastic or rubber. 

2. To sec how this electro-magnet works, 
connect a dry cell to it and see if the magnet 
will pick up paper clips. Release the circuit. 
What happens? (Caution: Do not keep the 



Fir 1 A thermocouple 


MAKING AN ELECTROMAGNET* 

An electro-magnet is made by winding a 
wire in a coil about a piece of iron and 
passing a current through the wire It can be 
made stronger by adding more coils of wire 
or by passing more current in the coils. 

* From General Science—Handbook of Activities 


magnet connected to the dry cell long, for it 
will run down the dry cell). 

3, To see how an electro-magnet can be 
made to attract more, connect two dry cells 
in series with the magnet you have made. 
Compare the number of paper clips it picks 


(Classes VI — VIII). NCERT, New Delhi, 1964. 




138 


school .sartor 


*V t 



up when connected to one cell with the 
number it picks up when connected to two 


Make a second electro-magnet with more 
turns of wire than those on the first. Connect 
tlus larger electro-magnet to one cell and 
compare the amount it picks up with the 
amount the small electro-magnet picked up 
when connected to one dry cell. In what two 
ways may the attraction of electro-magnets 


be increased? 

4 I o find out how to reverse the poles 
of an electro-m gnet, bring a pole of one 
electro-magnet near a compass needle and 
identify it as being a north or south pole, 
Then change the connections on the dry cell 
so that the current flows through the elctro- 
magnet in the opposite directions. Test to 
see if the poles are the same. I low does one 
reverse the poles of an electro-magnet? 



Science Education-East Africa 

Zachariah Subarsky 
Kairodi Science Teaching Centre , Nairobi, Kenya 


P ATTERNS of education—yes, even ot 
science education anywhere in the world 
—aie distinctive, and each is geared to the 
culture of which it is a pint. Cultuial 
patterns, geneiully, come into being through 
‘natuial selection’, so to speak, Most of 
their features are functional and have 
‘survival value’, others are mere vestiges. 

In East African countries, teachers are 
exammatton-minded and students are certi¬ 
ficate-minded. The dibits of a science 
teacher arc forcefully directed to getting 
as many siudents as possible to pass the 
Cambridge School Certificate examinations, 
and the goal of every student is not so much 
to learn, as to gain a school cciliiieatc. 

Before wc condemn this psychological 
state of affairs, we should try to understand 
and appreciate its origin. In early colonial 
days, schools were established under a 
bewildering variety of auspices There 
were missionary schools, government schools, 
government-aided schools. There weie 
schools run by Dutch sisters, Italian fathers, 
American brothers. There were, in fact, 
virtually thtee school systems—one for 
Africans, another for Asians, and still 
another for Europeans. If there were not 
some such umbrella as the Cambridge 
School Certificate examinations to set a 
standard, educational chaos would have 


Even today under political independence, 
with new schools springing up like mush¬ 
rooms, some such umbrella is still needed. 
The strong influence of external examinations 
on science teaching is therefore likely to 
persist for many years to come. Also 
persistent will be the arrangements and 
patterns of science teaching. How do these 
arrangements and patterns differ from those 
in the United States ? 

The science programme for students in 
our American high schools may be described 
as being horizontally arranged. The unit 
of time for a science subject is the year. 
Thus a student may take general science in 
his ninth year, biology in the tenth year, 
physics in the eleventh, and chemistry 
in the twelfth. At the end of each year, 
if the student passes, he goes on to take 
another science subject. It is not so in 
the school systems of the former British 
colonies. In these systems the science 
offerings may be described as being arranged 
vertically. 

In the British system, the unit of time 
for a science subject is a four-year period. 
Thus, a student may take biology for four 
years and, concurrently, take physics for 
four years and chemistry for four years. 
Such a student would be taking three 
science subjects all through his secondary 


prevailed schooling. 

Reprinted from the Science Teacher 32 (2) . 40-41, February, 1965. 


140 


V I |t * fl >» i J N* ^ 


For some students tins programme i. 
modified—or rather contracted to wo 'ob¬ 
jects : biolog)' and physics with chemistry, 
the latter constituting a single sueme 
subject. Fot still other students. a timber 
contraction is made, and all three subjects 
are included under the name general science 
In any case, each of the science subjects 
is taken for four years and is tci minuted bv 
an external examination. Some students 
take three science examinations, some, two 
and some, only one 

More Time for Science Instruction 

A scrutiny of the Cambridge syllabuses 
reveals that the physics with chemistry 
course is not what you might expect—a 
truly integrated course in physical science. 
Rather, it is the physics course and the 
chemistry course put together and certain 
topics from each deleted Nor is the general 
science course an integrated one. It 
consists essentially of topics selected from 
the other three courses—biology, chemistry, 
physics 

Both the horizontal and vertical arrange¬ 
ments have their advantages. The vertical 
is best suited to a system which aims to 
promote and encourage early specialization, 
and it provides more curricular time for 
science instruction An American student 
taking the conventional sequence of science 
subjects has a total time for science instruc¬ 
tion over the four years of 800 periods. A 
student in Kenya taking three science sub¬ 
jects for four years would get 1,621 periods 
of science—more than twice the American 
number. Of course, there is variation in 
amount of time in both countries. However, 
the student in Kenya, even if he takes only 
two science subjects, gets over 25 per 
cent more science instruction time than does 


.111 Ante in -mi -tiaicnt Ottiv the ktudem 
taking tin ingle general science course n 
Kent a won!* 1 get !c s tune than the American 
stiulc in 

It would ij>[vat that, potentially, ai 
icu-t, there might be nihet advantages to 
the settled .luangenum bur example, 
correlation' .minm* uomc subjects could 
Iv achieved Hours ci. I have seen little 
evidente that tins .ids.image is actually 
worked into 1 he programme of instruction 
A student mav study diffusion and osmosis 
iri chemistry, again in physics, and yet 
again in biology* without as much as being 
awaie that he is studying the same pheno¬ 
menon 

Another jHts'iblc advantage is the possi¬ 
bility ot studs mg a given topic Spirally’— 
again and again over the lout years, but 
each tunc on an ever higher level commen¬ 
surate with the student's growth, maturation 
and experience. However, the official 
syllabus gives no guidance to the teacher on 
how to do this Neither do the textbooks. 

In surveying the printed syllabus, one 
looks in vain for statements of concepts and 
generalizations so familiar in American 
syllabuses as goals ot science teaching. 
What the Kenya student is to learn is set 
down in hard topical terms. Nor docs the 
printed syllabus provide any guidance to 
the teacher on the order ol teaching the 
various topics. The syllabus mutely defines 
that for which the examination will hold the 
student responsible. The teacher is 
expected to arrange tlu* order of topics. 

Teacher Orientation 

Under the British system, a secondary 
school teacher is not licensed to teach any 
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given subject. If he has a university degree, 
he may legally be assigned to teach any 
subject in the secondary school cuiriculum 
Natuially, headmasters use their discretion 
and make assignments in line with a given 
teacher’s tiaining and experience. Methods 
courses are not a pre-requisite, and most 
teachers who have not been exposed to 
methods courses tend to Leach as they them¬ 
selves have been taught. 

Most science teachers m Kenya are 
non-graduates who themselves have never 
gone beyond O-Level (equivalent to high 
school) in their education. The Ministry 
of Education is compelled by circumstances 
to assign such teachers to teach in secondary 
schools. These teachers are none-thc-lcss 
professional minded and eager to do a 
good job Unfortunately, the Cambridge 
syllabus placed in their hands docs not 
contain sufficient guidance for Lhcse teachers. 

To lcmedy this situation, the Nairobi 
Science Teaching Centre has undertaken to 
produce four-year schemes of work for 
biology, physics and chemistry. Schemes 
for the first two years of biology and the 
first two years of physics-with-chemistry 
have already been produced and arc now 
being used in secondary schools of Kenya, 
Uganda and Tanzania (Tanganyika). The 
scheme for year-three biology is completed 
and will soon be distributed. 

Each of these schemes is based strictly 
as, indeed, it must be, on the Cambridge 
syllabus. But the content as well as 
suggested teaching methods are spelt out 
in great detail Each scheme is virtually a 
set of daily lesson plans, and the teacher 
learns along with his pupils. 

We hope these schemes will serve to 


reorient teachers m their professional work 
and to breathe new life into the science- 
learning experiences of pupils in East 
African secondary schools. 

Examination Orientation 

Secondary education under the British 
system (which still prevails in foimer 
colonial countries) is overwhelmingly ‘college- 
dominated’. Instruction is geared to exa¬ 
minations constructed and rated by univer¬ 
sity syndicates, (There is a strong move¬ 
ment in former colonies, indeed, even in 
the United Kingdom itself, to disengage 
instruction from these examinations.) 

In the Kenya school system, the first 
major hurdle to be overcome by children is 
the KPE (Kenya Picliminary Examinations) 
These correspond to the n-plus exa¬ 
minations in Grear Britain—so called because 
they arc taken by children at the age of 
eleven, For the child who fails KPE, formal 
education usually comes to an end. Under¬ 
standably, each year, as the time for KPE 
approaches, children—and especially their 
parents—become increasingly tense and 
worried. 

Children who pass KPE become eligible 
to go on to secondary school. But they are 
not admitted automatically, both because of 
the insufficient number of secondary schools 
and the school fees Consequently, head¬ 
masters select the best students who are 
able to pay fees or for whom bursaries 
(scholarships) arc available. 

Once in secondary school, the boy or 
girl becomes a candidate for the ‘O-LeveP 
(Ordinary Level) examinations to come four 
years latei. Schemes of work arc closely 
aligned to these examinations They had 
better be, for the school itself is ultimately 
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judged by the number of ‘puses' it obtains. 
Moreover, a teacher dare not depart very 
far from the examination requirement--, lor 
students can obtain the printed syllabus m 
any good bookshop, and they have been 
known to protest to the headmaster, or 
even to threaten a strike, because the teacher 
was teaching them something that is not in 
the syllabus. 

This attitude is understandable when you 
consider that the O-Lcvcl Certificate is the 
student’s only passport to further education. 
Furthermore, most African students arc 
maintained in school through fees con¬ 
tributed by parents, uncles, aunts, anti other 
relatives who, under culture pressures, arc 
obliged to contribute. The African student 
ts serious and means business. 

Even if it is not used as a passport to 
further schooling, the O-Lcvel Certificate has 
great econonuc value. I once had occasion 
to be waiting in the office of a women’s 
employment agency. During this time, 
phone calls kept coming in from job seekers 
and from employers. The pivotal question 
I heard over and over again was ‘What school 
certificate do you hold ? * or (to an employer) 
‘What school certificate do you require?’ 
If the applicant does not hold the proper 
certificate, other questions of skill or ability 
become irrelevant. 

To obtain the O-Level Certificate, the 
student takes examinations in four, five, 
or even six subjects. He may obtain 
‘passes’ in one, two, or three, and fail in 
the others. Institutions may requite en¬ 
trants to have at least three passes, 

To enter a university, the student needs 
more than the O-Level Certificate. He 
must have passed through a programme of 
further education leading to a ‘higher’ 
school certificate. More secondary schools 


are O 1 v I vhool ; a lew, however, are 
bivlii-:< rm" uhetL vvhnh extend secondary 
OiwJjHi: Smr "U-. two, or three years longer 
tti.ii' the M;r y .its of flu- Level schools. 

A It v *boob are rvliMV.ly sixth-form 
school , that i>. to say, they gather their 
student from among graduates of O-Level 
sc boo!'- and only '-itth form courses are 
ofieuci. 

Sixth form work is on a high level— 
easily comparable to offerings in fresh-man 
and snphomore courses in American colleges, 
Hut the work is relatively rigid and inflexible. 

In >vhx>K having both O-I.evcl and sixth- 
form classes, the sixth formers constitute 
the elite of the smdent ly>dy. They are 
given pnvtleges commensurate with their 
maturity, anti from their ranks come the 
‘pretests’ right-arm aides to the head¬ 
master. 

The Tunin' 

Will the pattern of education in former 
colonial countries change with political 
and sot ini evolution ? Changes will un¬ 
doubtedly take place, but the general 
pattern of .schooling, like the parliamentary 
pattern of government- both inherited from 
the British—-is likely to be maintained, A 
local University Examinations Syndicate 
will probably be substituted for the Cam¬ 
bridge and London University Syndicates, 
Syllabuses may be revised so as to reflect 
more closely national conditions and national 
needs. But examinations will continue to 
be the strongest influence cm the programmes 
of secondary education, and ‘certificates’ 
will continue to play a crucial part in the 
lives of young people in those countries. 
It is far easier to demolish structures of 
steel and concrete and replace them than to 
change established patterns of culture. 



Children Thrive on Maths Revolution 

John Dalin 


A STORM of new ideas about teaching 
mathematics is sweeping the pnmary 
schools of Britain, and there can be very 
few teachers of young children who ate not 
caught up m it. 

Some teachers are downright ‘revolu¬ 
tionary’, and new vistas in mathematics, 
far beyond die experience of their parents, 
are being opened to a lucky minority of 
children. 

Most people agree that the early stages 
of mathematics leaching leave much to be 
desired. 

Brilliant mathematicians, who have 
emerged, have survived rather than profited 
from their early mathematical tu tion! 
Counting and money sums in Britain, 
based on a complicated system of units, have 
been the order of the day, and the aim 
appears to have been to produce competent 
ledger clerks rather than to impart genuine 
mathematical experience, 

But now, ideas are changing rapidly. 
Among the leaders of the drive to change 
them Dr. Caleb Gattegno, a Spanish 
mathematics teacher of some eminence, 
settled long in England. It was he who 
introduced to Britain the cuisenaire rods, 
which together with die ‘colour factor’ 
rods derived from them, are being used 
experimentally both as aids and as a more 
substantial basis for all mathematics teaching 
in a growing number of schools. 


Cuisenaire rods stem from the work of 
Georges Cuisenaire who, as a Belgian teacher 
of young children, used rods of varying 
length to convey the concepts of number. 
Today the apparatus consists of a series of 
rods of one centimetre square cross-secuon, 
whose lengths, in centimetres, correspond 
to the number they represent 

There are ten of diem. They are variously 
coloured, die colour being used for two 
reasons. First, it is an alternative to the 
number (thus light green equates with 
three): second, it is a dteme in that 
2, 4, 8, for example, all obviously contain 
some red in their make-up. 

The actual colours arc i -natural, 2—red, 

3- light green, 4 —magenta, 5—yellow, 6-dark- 
green, 7—black, 8—a reddy-brown, 9—blue 
and 10 —orange. The children would thus 
express an easy addition, as a red and a 
light green joined together equate with a 
yellow (2+3 -5). Multiplication is ex¬ 
pressed by crossing one bar on top of another 
so that a light green crossed by a red 
produces a dark green (2X3 — 6) The 
multiplication would also be expressed by 
showing that a ‘train’ of three reds or two 
light greens are both equal in length to a 
dark green. 

Colour factor, developed in Britain, carries 
the colour idea a stage further. There are 
twelve rods with 1, the universal factor, 
in white The rest are 2 —pink, 3—blue, 

4— red, 5—yellow, 6—mauve, 7—grey, 8—a 


Reprinted trom Spectrum, March 1965, with kind permission. 
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deeper red, 9—a deeper blue, 10—orange, 
11—grey and 12—mauve. 

Addition and .subtraction relying on the 
lengths of rods are carried out in the same 
way as with Cuisenaire rods, but the theory 
is that multiplication is conveyed by the 
addition of colours. Thus 2 x 3 is represented 
by pink x blue and the 6 rod is mauve. 
From his own paint-box the child can 
demonstrate that pink mixed with blue 
does indeed give mauve. 



Rapt faces bent over maths problems 
holding the success new methods can have in 
illustrate attention These children are pupils at 
All Saints Pnmary School, Beulah Hill, London. 

Prime numbers, which have no factors, 
are represented in colour factor by deepening 
shades of grey, and as all the numbers 
become larger so they become darker. 

How relevant are the colours ? Teachers 
disagree on this point. Some maintain 
that children who have learnt to count 
white, red, light-green and so on have 
difficulty in translating back to words one, 


two, three. Others imply that the colour 
gradations in colour factor are extremely 
subtle and are beyond the capacity of young 
children—especially the boys, whose colour 
sense lags behind that of the girls’. Whether 
or not the colour subtleties arc admitted, 
there is no doubt that leaving the children 
to estimate the lengths of various rods by 
eye leaves something to he desired and the 
colours provide a useful means of identi¬ 
fication. 

Children starting with the coloured rods 
are first left to play freely with them so as 
to familiarise themselves. Guidance is at 
all times kept in the background, and 
general instruction is very limited, The 
children go through the sLages of making 
‘trains’ and equating the lengths of various 
combinations of the rods, thus finding 
out factors and many number bonds for 
them selves. For example, they discover 
that seven plus three, or six plus four, 
all make ten. Block patterns made 
from the rods demonstrate the same 
point. 

At the same time they can match, say, 
five single units with a five rod, thus demon¬ 
strating the two concepts of a number that 
it is both a collection of units and a group 
measurement in its own right. Adding, 
multiplication, division and simple fractions 
follow quite logically—all of them based on 
practical experience with the rods. 

Those teachers who have committed 
themselves to cither method carry it to a 
very advanced degree, using the rods as 
areas or volumes to convey quite compli¬ 
cated algebraic idea (for example, the 
difference of two squares) with a lot of 
success. But in practice, most teachers 
use the rods as an aid and tend to wean 
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the children from them at the eight to 
nine-year old stage, 

What is evident to an obseivcr is the 
complete absorption of a group of children 
engaged on working with the rods. At 
first it appears as undirected play, but 
direction and purpose soon become apparent, 
Calculation is achieved and subsequently 
recorded, and all the time difficult 
mathematical concepts are being learned 
without tedious and often misleading 
explanations. 

Among the more intelligent children a 
high degree of skill develops and difficult 
problems can be solved with the rods 
moving purposefully to the conclusion of 
the problem, 

The effect on an outside observer is much 
the same as watching an aircraft pilot with 
his controls and dials—what lie is 
doing is unintelligible but obviously 
skilful, and the final result is immediately 
apparent, 


There is little doubt that children taught 
by these methods gain mathematical intui¬ 
tion—often their masterly handling of what 
most childicn regard as difficult problems 
amply demonstrates this. Where they lose 
is in the handling of complicated weights 
and measures, largely because of unfami- 
lhrity and the time involved. 

Many teachers have adopted a compromise 
solution attempting to mingle die old with 
the new, As in much modem teaching, 
piactical considerations count and parents 
and some teachers are not always as ready 
for new ideas as others, 

The coloured rods have a powerful 
attraction and obvious value, but they are 
not the only forms of apparatus available 
and many new ideas arc constantly appearing, 
All are the subjects of some argument, 
but the reassuring element is the now 
common urge for experimentation to find 
ways of improving what had come to be 
regarded as a thoroughly unsatisfactory 
mathematical teaching situation, 



Teaching of Chemistry at Soviet Schools 

V. A. Gluoshcnkov 

UNESCO Expert (USSR), New Delhi 


Q HHMISTRY is the science of 
substances, their transfoimaiions and 
the manifestations accompanying these 
changes, 

Nowadays, chemistry presents a vast and 
rapidly developing branch of science. 
Revea'ing the laws of conversion of some 
substances into others more complicated, 
chemistry makes it possible to scientifically 
comprehend changes and development 
permanently taking place in nature. Ex¬ 
plaining the essence of processes proceeding 
in organisms, chemistry helps in compre¬ 
hending die material basts of life. Chemistry 
not only explains the world, but also facili¬ 
tates its changing. The knowledge of the 
laws proceeding in chemical reactions helps 
man to employ them rn the artificial produc¬ 
tion of many substances. 

Chemistry as a compulsory subject is 
taught in Soviet schools from class VII on¬ 
wards. The tasks of the course of chemistiy 
at middle school envisage giving pupils the 
initial information of the properties of some 
most important chemical elements and their 
combinations, types of chemical reactions, 
fundamental chemical laws; equipping them 
with abilities of handling substances, che¬ 
mical apparatus and conducdng very simple 
chemical experiments; giving them notion 
about the role of chemistry in national 
economy and the most important paths in 
the development of the chemical industry 
in the USSR, 


1 he miutt tasks ot teaching chemistry 
at secondary school are giving pupils the 
systematized knowledge of the bases of 
science , guaranteeing their understanding 
chemical factors m the light of the leading 
chemical them ics ; building up their scienti¬ 
fic outlook ; making pupils acquainted with 
the most important chemical enterprises and 
the tole of chemistry in other fields of 
production; developing in them abilities 
to examine and explain chemical pheno¬ 
mena happening m nature, laboratory, 
production and in everyday hie; further 
developing in pupils abilities to handle sub¬ 
stances and conduct chemical operations 

As shown below the course of chemistry 
has a concentric structure. It is explained 
by the fact that middle school must provide 
pupils with the completed course of know¬ 
ledge of chemistry. 

The basis of any science about nature 
consists of most fundamental laws, main 
theories, giving explanation to these laws, 
and most important factors contributing 
to comprehending laws and theories. The 
choice of most important factors, laws and 
theories of any branch of science must 
guarantee a further broadening and deepen¬ 
ing of basic knowledge with the preserva¬ 
tion at the same time of its fundamental 
character, meanwlvle the knowledge got 
as a result of studying the bases of science 
must be sufficient enough to independently 
comprehend new, most essential phenomena 
in this field. 
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The atom-molccular study constitutes 
the theoretical basis of the course of chemis¬ 
try at middle school. Pupils get the 
initial notion of the molecular structure of 
substance at the lessons oi physics in class 
VI, that is why this problem is not included 
into the first theme of the syllabus, hut 
pupil’s knowledge of the principles of the 
moleculai theory should he employed hy 
teacher when he introduces changes of 
substance, substances and their properties, 
pure substances, mixtuics and solutions. 

Since chemistry studies substances and 
their conversion the course of chemistry at 
school starts with introduction of the notion 
‘substance’ on the basis of the things sur¬ 
rounding us in our everyday life. Simultan¬ 
eously with the introduction of the notion 
‘substance’, pupils arc given the notion of the 
properties of substance. The molecular 
theory gives explanation to the conversion 
of substances from one state into another 
The notion of the molecular structure of 
substances and the mam principles of the 
molecular theory arc given here, The 
notion of chemical conversion (reactions) 
is given both in comparison and opposition, 
i.e, the notion ‘chemical phenomenon’ 
is more comprehensible when opposed to 
the notion ‘physical phenomenon’. To 
make teaching more accessible chemical 
phenomenon is differentiated only as 
‘reaction of decomposition’ and ‘reaction 
of combination’. The essence of chemical 
reactions lies in the change of the com¬ 
position of the molecule. That is why the 
basic principles of the atom-molccular study 
are obligatorily given. On this basis the 
nouon of clement, the law of conservation 
of mass of a substance, chemical Formula 
and chemical equation are introduced. 
After learning the basic chemical notions and 
getting acquainted with the atom-molecular 


study it becomes possible to examine 
substances. 

Study of substances starts with oxygen, 
ior pupils have aheady some notion of 
oxygen, air and water from the courses of 
imtui.il history and botany. On the examples 
connected with oxygen pupils get more 
profound knowledge of atom-molecular 
study, chemical terminology, oxidation, 
oxides and valency. All this provides for 
studying the composition of tire air. 
Knowledge of the properucs of oxygen, oxides 
and the composition of the air contributes to 
studying hydiogen. Its reducing properties 
are studied on its interaction with oxygen 
and oxides of metals. WaLcr being the 
pioduet of the oxidation of hydrogen can 
now he thoroughly examined. All this lays 
a solid foundation for studying oxides, 
bases, adds and salts. 

Proceeding from the material studied in 
class VII, pupils are given in class VIII 
the main classes of inorganic combinations. 
General properties of oxides, bases, acids 
and salts may be now imported. To broaden 
pupils’ knowledge of the role of chemistry 
in national economy the class VIII syllabus 
envisages the studying of mineral fertilizers 
(logical continuation of the theme on the 
main classes of chemical combinations); 
carbon (including the elementary knowledge 
of organic substances as well as carbo¬ 
hydrates, fats, proteins) important from the 
point of view of biology, metals and at last 
chemistry and its place in national economy. 

The course in chemistry at secondary 
school is based on the course of the general 
chemistry of middle school and consists 
of two principle parts, inorganic and 
organic chemistry, which are studied in 
succession. 
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The periodic law and the periodic system 
of chemical elements of D. I. Mendeleyev 
and the theory of the structure of the atom 
constitute the scientific basis of the course 
of inorganic chemistry at secondary school, 
and that is why the study of these problems 
is placed at the beginning of the course of 
inorganic chemistry at secondary school. 

A great deal of attention is paid to the 
choice of the elements of the periodic law 
which are studied at school. D I. Mendeleyev 
suggested, and that has been proved by 
the experience of teaching chemistry at 
Soviet school, that the periodic law is best 
taught on the examples connected with 
short periods as the periodic change of the 
properties of these elements is not complica¬ 
ted, The elements of the short periods aie 
typical elements, characterized by well- 
expressed properties, the knowledge of 
which may become the basis for understand¬ 
ing the properties of the elements of the 
same groups. 

Studying all the elements of the short 
periods is not obligatory. The reiteration 
of properties constituting the basis of the 
periodic law, it is sufficient to study on the 
one hand the properties of one of the alkali 
metals (for example sodium) which occupies 
the first place in any period, and on the 
other hand, the properties of one of the 
halogens (for example chlorine) plus one of 
the inert gases which crown any period. 

With a view to get acquainted with the 
groups of elements some other representa¬ 
tives of the principal sub-groups are 
studied—metals : calcium, aluminium, iron 
After metals come non-metals, that is the 
representatives of the principal sub-groups: 
oxygen and sulphur, nitrogen and phos¬ 
phorus are studied and lastly carbon and 


silicon pave the wav to studying organic 
chemistry. 

The course ot organic chemistry has for 
us foundation the successive application 
of A. M. Bmlyerov's theory of the 
chemical structure of organic substances. 
After accumulating certain factors requiring 
theoretical explanations, pupils are given 
A. M. Butlyemv's theory of chemical struc¬ 
ture, The first factors requiring such 
explanations appear with studying homolo¬ 
gous series of saturated hydrocarbons and 
their isomerism. After it the theory of 
structure is employed as scientific means 
for comprehending the chemical properties 
of organic substances 

Classes ot combinations of organic chemis¬ 
try arc chosen with a view to trace on their 
examples the development of substances 
from most simple to most complicated ones. 
All this plus the employment of the theory 
of structure must be examined by puplis 
on a school subject, Ilcncc the course 
includes a number of classes of combina¬ 
tions forming the following themes 1 hydro¬ 
carbons (saturated, unsaturated, aiomatic), 
alcohols and phenols, aldehydes, carboxylic 
acids (saturated, unsaturated), esters and fats, 
carbohydrates, nitro-compounds, amines, 
proteins. In studying these classes pupils 
get acquainted with the principal type of 
carbonic chains of molecules, various 
types of carbon-carbonic bonds (simple, 
double, triple) and principal functional 
groups. 

Teaching of chemistry at Soviet school 
is based on rich experiment. The syllabus 
envisages three kinds of chemical experiment. 
1) demonstrations, 2) laboratory experiment 
conducted by pupils as teacher is introducing 
new material, 3) laboratory work conducted 
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by pupils to complete the studying of the 
theme. Besides, the syllabus includes certain 
experimental problems which require a 
rather high-level theoretical knowledge 
and skill of experimental work (preparation 
and extraction of substances, identification of 
substances and proof of their composition). 
For establishing contacts between chemistry 
and life each theme of the syllabus obliga¬ 
torily envisages excursions. 

The attached contents of the course of 
chemistry displays the themes studied at 
Soviet school. 

CHEMISTRY AT MIDDLE SCHOOL 

VII Class (72 hours ) 

1. Substances and the changes they 
undergo (8 hours) 

2. Elementary information of the struc¬ 
ture and composition of substances 
(14 hours) 

3. Oxygen, air (14 hours) 

4. Hydrogen (6 hours) 

5. Water and solutions (8 hours) 

6. Oxides, bases, acids and salts (16 hours) 

7. Excursions (6 hours) 

VIII Class (70 hours) 

1. Important classes of inorganic com¬ 
pounds (24 hours) 

2. Mineral fertilizers (8 hours) 

3. Carbon and its compounds (15 hours) 

4. Metals (15 hours) 


5. Chemistry and its importance in the 
national economy (4 hours) 

6. Excursions (4 hours) 

CHEMISTRY AT SECONDARY SCHOOL 
Inorganic Chemistry (170 hours) 

r. Fundamental ideas and laws of chemis¬ 
try (10 hours) 

2. Alkali metals (6 hours) 

3. Halogens (19 hours) 

4. The periodic law and the periodic 
system of chemical elements of D I. 
Mendeleyev. Structure of matter (18 
hours) 

5. Solutions. Theory of electrolytic 
dissociations (22 hours) 

6. Metals (30 hours) 

7. Oxygen and sulphur (18 hours) 

8. Nitrogen and phosphorus (27 hours) 

9. Carbon and silicon (14 hours) 

Organic Chemistry (78 hours) 

1. Subject of organic chemistry (1 hour) 

2. Hydrocarbons. Butlyerov’s theory of 
chemical structure of organic subs¬ 
tances (30 hours) 

3. Oxygen containing organic compounds 
(28 hours) 

4. Nitrogen containing organic compounds 
(xx hours) 

5. Achievements of organic chemistry 
(8 hours) 

6. Review of chemical elements (10 hours) 

7. Excursions 
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T HE twentieth century and especially the 
second half of it is characterized by a 
rapid development of science. The applica¬ 
tion of science is becoming a decisive factor 
in the development of the productive forces 
of society. Perspectives of further progress 
are conditioned now by the achievements 
of the key branches of natural sciences. 
We witness a great reorganization of nature 
that impels people to comprehend and 
realize events, attracts their attention to 
science. And naturally knowledge of 
physics is one of the leading factors in the 
system of general, polytechnical and voca¬ 
tional education. In Soviet schools physics 
is a compulsory subject. As an independent 
subject physics is taught from class VI 
onwards, but the pupils get in junior classes 
most simple information of nature surround¬ 
ing us. 

The elementary course of physics taught 
at middle school includes the system of 
initial information in the field of machanics, 
heat, light, electricity and most general 
knowledge of the structure of matter. The 
choice and the contents of the enumerated 
parts are determined by the following: 

(i) Physics as a subject at middle 
school must give pupils a complete 
system of general and polytechnical 
knowledge, supply them with a 
number of practical skills and abilit¬ 
ies essential for life, promote the 
formation of scientific world outlook, 
inculcate love and respect for labour, 


guarantee conditions for further 
general and special education. 

(2) The given material must be easy 
for the comprehension of pupils, , 
It goes without saying that at 
middle school it is quite impos¬ 
sible to exhaust entiiely the sub¬ 
stance of physical theories and give 

a full explanation of the studied 
phenomena, but at the same 
time deepening and broadening 
further the pupils’ knowledge should 
be guaranteed. No rcteaching 
should take place. 

(3) The succession of the material is 
conditioned by a logical develop¬ 
ment of physical concepts and by 
the community of the physical 
nature of the phenomena. The 
knowledge got by the pupils should 
lay a good foundation for the study 
of the other succeeding parts of 
physics. 

(4) Maximum possible interrelation 
between different subjects should be 
gauranteed, 

In class VI pupils are given initial know¬ 
ledge of physical bodies, physical quantities 
and their measurement; properties of solids, 
liquids and gases; simple thermal phenomena' 


1. Measuring of temperature, thermal ex¬ 
pansion of bodies and heat conduction. 



■H',ac;uin<; <«■ I'lnsjrs \i .sovir.r .scnooi.s 


151 


and a very primitive notion of molecules 
and their motion. In class VII pupils get 
an elementary knowledge of mechanics" 
and deeper information on heat. a 

In class VIII they study at first sound 4 
and light 5 , and electricity" last. 

The contents of the course are contribut¬ 
ing to building up in pupils the concept 
of the material nature of the world; the 
interrelation of its phenomena; the possi¬ 
bility of knowing the laws of these pheno¬ 
mena and their application in practical 
activity. The problems of the structure 
of matter, the conversion of substance ftom 
one aggregate state into another, the electric 
and magnetic fields, the structure of the 
atom assume a great significance in this 
content. Pupils’ studying equality of work 
on simple mechanisms, conversion of kinetic 
energy into potential and vice versa, mecha¬ 
nic equivalent of heat, Joulc-Lcnz’s law leads 
to the comprehension of one of the most 
principal laws of nature—the law of conserva¬ 
tion of energy. 

With the purpose of effecting the connec¬ 
tion of theory on the one hand with practice 

2. Transverse and rotational motion, uniform 
and non-uniform motion, slide friction and roll¬ 
ing, inertia of bodies, composition of forces 
and equilibrium, work and mechanical energy, 
mechanisms. 

3. Heat and work, conversion of substance 
from one aggregate state to another, heat 
engines. 

4. What is vibrational movement (examples), 
objective and subjective characteristics, of 
sound, reflection of sound, resonance, notion of 
recording and reproducing sound 

5. Geometric optics, optical tools, dispersion. 

6. Electrostatics, current, work and power 
of current, electromagnetic phenomena, elemen¬ 
tary nouon of radio and the structure of the 
atom. 


and the polytechnical training of pupils 
on the other the course of physics at middle 
school contains the following themes and 
problems : composition of forces and equili¬ 
brium, simple machines (lever, fixed and 
running flocks, windlass, inclined plane, 
train of gears and belt drive) device and 
opeiation of hydraulic machines, heat and 
electrical engines, means of transmitting 
energy at a great distance, means of commu¬ 
nication (telephone, telegraph), certain 
physical and mechanical properties of 
mateiials used in building, elasticity and 
plasticity, simple electrical chains, electro¬ 
magnetic relay, etc, 

The succession of arranging themes in the 
course envisages inter-subject connections. 
Tor example, the initial knowledge of the 
structure of matter given in class VI is 
required for studying chemistry in class VII, 
Studying sound and light phenomena in 
class VIII helps pupils in studying organs of 
sight and hearing in the course of anatomy 
and physiology of man. At the same tune 
the knowledge of electricity is quite necessary 
for carrying out tasks in electromechanics 
in the workshop in the last term of 
class VIII. 

At the same time certain requirements of 
physics are, at the proper time, met in the 
course of mathematics—calculating volume, 
approximating numbers, trigonometrical 
functions, etc. 

Laboratory work, demonstrations, films 
and excursions contribute to a deeper con¬ 
scientious approach to physics, develop 
in pupils not only keenness of observation 
but, which is more important, the aspiration 
to find out the cause of a phenomenon, 
comprehend its origin and give answer to 
all the ‘why®’. Pupils get acquainted 
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With a number of widely spread devices and 
means of measurement in practice, and carry 
out a lot of calculations. And naturally 
all this leads to establishing close contacts 
between physics and life and to the forming 
of practical habits and abilities. 

Thus physics at middle school gives 
pupils a logically completed amount of 
knowledge that reflects all the main ideas 
of modern physics. At the same time this 
course gives a good foundation for a 
further and more profound study of physics 
at secondary school. 

The tasks of secondary school arc to give 
pupils systematic knowledge of the bases 
of physics: mechanics, vibrations and 
waves, molecular physics and heat, electri¬ 
city, optics and structure of the atom. All 
this is based on leading physical theories. 
Special attention is paid to studying the 
structure of substance/molecular—kinetic 
and electronic theories, theory of the 
structure of the atom and the atomic nucleus 
and the properties of various fields/gravita¬ 
tional and electromagnetic. All this is 
successfully used in studying molecular 
physics, thermal, electrical and magnetic 
phenomena, quantum properties of light, 
nuclear reactions, cosmic flights, etc. 

One of the most significant factors of 
establishing contacts of physics with life 
is studying physical bases of modern indus¬ 
trial and agricultural production, up-to-date 
technological processes, perspectives of the 
development of physics, techniques and 
production. The course of physics envi¬ 
sages studying physical bases of energetics— 


production, transmission and use of electrical 
energy—dil'fcicm types of engines, processes 
of splitting the nucleus and use of nuclear 
energy. Pupils study the theoretical bases of 
cosmic flights, communication (radio, tele¬ 
vision , automation, technological processes 
'electrolysis, electric welding, high frequency 
heating, etc.) Here are also discussed the 
problems on the use of radioactive tracers 
and radiation techniques in science and 
medicine 

Teaching physics at secondary as well as 
at middle school is based on experiments, 
Theory is closely interwoven with a number 
of demonstrations, laboratory experiments 
(minimum of demonstrations and experi¬ 
ments on each part is defined by 
syllabus) 

The study of main themes is accompanied 
by laboratory work. Besides, special practical 
v 01 k for pupils is obligatory after studying 
important themes. 

At Soviet schools the international system 
of units I.S. and C.Ci.S. arc used but the 
system of I.S. is preferred. Use of some 
other units is possible. The system I.S. and 
its principles arc studied in class IX. 

At present serious research work on the 
further development of the contents of the 
course of physics and methods of teaching 
is being carried out in the USSR, Great 
attention is paid to the growth of the 
cognition of pupils. Leading pedagogical 
and scientific institutions and prominent 
scientists working in various fields of science 
participate in this work. 
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Scientists You Should Know 

Professor P. Maheshwari 


TN our last issue wc had occasion to 
felicitate Prof. Maheshwari on being 
elected Fellow of the Royal Society of 
London. This distinction is indeed a rare 
and unique one. In electing him, the Royal 
Society lias fittingly recognised his work in 
botany and has paid a tribute to a man 
who has dedicated his life to the science 
he loves. 

Professor Maheshwari has reached this 
position by dint of hard work, perseverenee 
and meticulous attention to perfection in 
whatever work he undertakes. Many of his 
students will tell you how early in the day 
he comes to the laboratory and how long 
he works riiere. His life is really a source 
of inspiration to any young aspiring 
botanist. 

Profesosr Maheshwari was born at Jaipur 
on November 9, 1904. His father Sri Bijay 
Lai gave him the best education. He gradu¬ 
ated from the Ewing Christian College, 
Allahabad, where he came under the influ¬ 
ence of late Dr. Winfield Dudgeon, an 
American missionary. Fie got his doctorate 
in the year 1931, working on the morphology, 
anatomy and embryology of some angio- 
sperms. This was the beginning of a 
career which brought him international 
recognition. He first joined the Agra College 
as a Lecturer in Botany and then became the 
Associate Professor. He left on an European 
tour in 1936 and after return joined the 
Allahabad University for a short time and 
also served for a short time at the Lucknow 


University. In November 1939, he joined the 
University of Dacca (then in undivided 
Bengal). He again left on a tour of Europe 
and the U.S.A. in 1945for a couple of years. 
On return he was promoted as Professor 
and Dean of the Faculty of Science. He 
started the post-graduate classes in botany 
in the year 1947 ' n the Dacca University. 
In X949, he was invited to join the newly 
started University of Delhi as the Professor 
and I-Iead of the Department of Botany. 
This position he has held very creditably up 
to this day. 

Professor Maheshwari has travelled very 
widely, In 1936-37, he worked at the Univer¬ 
sity of Kiel and visited several universities in 
the continent and in England. One of the 
persons who inspired him most was 
Prof, Karl Schnarf of the University of 
Vienna (Austria). During his second visit 
abroad in 1945, he devoted most of his time 
at the Harvard University where he complet¬ 
ed the manuscript of his book An Introduction 
to the Embryology of Angiosperms , which 
is being used by many students in the 
universities. This book has since been 
reprinted twice and also translated into 
Russian. It was during a visit to the Smith 
College, Northampton, Mass., that the late 
Professor A.F, Blakeslce aroused his interest in 
experimental embryology. His interest in this 
field has lead to the establishment of a section 
of experimental morphology and embryology 
at the University of Delhi. Another book, 
Recent Advance in the Embryology of Angio¬ 
sperms edited by him has also been published. 
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His next three visits abroad were to attend the 
International Botanical Congresses at Stock¬ 
holm, Bans and Montreal m 1950, 1954 and 
1959 respectively. At the invitation of 
UNESCO, he visited Indonesia in 1952 
and Egypt in 1954. In he paid a 
short visit to the U.S S.R as a member 
of a scientific delegation sponsored by the 
Government of India. In 1959, he was 
a visiting Professor at the University 
of Illinois, where he delivered a course of 
lectures. Earlier in 1956, he paid a short 
visit to the U.S A. as a member of the study 
group for studying the courses in General 
Education in American Universities. This 
project was jointly sponsored by the Govern¬ 
ment of India and the Ford Foundation for 
introducing the teaching of this subject in 
Indian universities. 

In 1961, he visited on an invitation several 
West German universities and also attended 
the annual session of the German Botanical 
Society at Halle. In 1964, he again visited 
the U.S.A. and took an opportunity to 
spend a few days at the headquarters of 
Biological Sciences Curriculum Study, 
Boulder, Colorado, where some text¬ 
books in biology are being prepared for 
American schools. Last May, he visited the 
U.S.S.R. and was there for a month. In 
September this year, he will be visiting 
Australia and spending six weeks there. 

He is a Fellow of the Indian Academy of 
Sciences, the National Institute of Sciences 
of India and the Indian Botanical Society, 
and a Corresponding Member of the Ameri¬ 
can Botanical Society and Honorary Foreign 
Fellow of the American Academy of Arts and 
Sciences. He has also been made Foreign 
Member of the Kaiserlich Deutsche Aka- 
demie der Naturforscher, Halle. In 1959, 
he received the honorary doctorate of the 


McGill University, Montreal. In recognition 
of his conti ibutions to Botany, he was 
awarded the Birbal Salmi Medal of the Indian 
Botanical Society for the year 1959 and the 
Sunder Lai Flora Medal*of the National 
Institute of Sciences of India. To com¬ 
memorate his 60th birthday the Indian 
Botanical Society published a special volume 
with articles from prominent botanists all 
over the world. 

Fie has served as President of the Indian 
Botanical Society in 1951 and he has also 
presided at the Botanical Section of the 
Indian Science Congress. He has held the 
office of the Vice-President of International 
Botanical Congress at Stockholm and he has 
been the President of Embryology Section 
of the International Botanical Congress. 
He has also been tire President of the National 
Academy of Sciences in India. 

Professor Mahcshwari has started a school 
of plant morphology and experimental 
embryology m Delhi University. He has 
built up a line team of workers who have 
already made a large contribution to this 
field. His Department of Botany has now 
been established as an Advance Centre for 
Research in Plant Embryology. 

He was largely instrumental m establishing 
the Internationl Society of Plant Morpho¬ 
logists of which he was elected the first 
President. The society is mainly concerned 
with the dissemination of knowledge in the 
fields of plant morphology, anatomy and 
embryology. The society publishes a journal 
Phytomorphology which is one of the fore¬ 
most scientific journals in India and has a 
wide circulation. 

During recent years, he has been taking a 
keen interest m the improvement of science 
education, particularly, biology in the 
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schools. He has accepted the ( hairniamhtp 
of the Biology Textbook Panel established 
by the National Coum.il of Educational Re¬ 
search and Training for the production of 
textbook, laboratory manual and teacher.' 
guide in the science of biology. The panel 
has made very good progress under his able 
guidance and it has already published two 
sections of the book while the third 'a ill be 
published in August. Tills textbook 
Biology—A Textbook for Higher Scccmdory 
Schools is currently in use in all the schools 
under the Central Board of Secondary 
Education and all the central schools run 
by the Ministry of Education all over India, 
He has also been associated with the framing 
of the syllabi for science subjects of the 
Regional Colleges of Education established 
by the National Council of Educational 
Research and Training. 


Professor Make -invari K an excellent tea- 
Cut, a good h\ human, a |>ersevering te- 
- earth workci and > rnctnulousorganizer,Ht 
v in .ivvept nothing but the scry best and doe 
not mlri-uc anything I’cltnv standard. At the 
same time he r> ready to help anyone who 
takes an mtcrc-t in the advancement of 
biology partnularly botany at all levels. He 
vs also keen on maintaining contact with all 
Indians who arc working in the field of 
botany. 

ills mother lived with him to tripe old 
age and was with him till the year 1961. He 
married Nmt. Miami in 1923 and they have 
three wins and three daughters. It is a very 
unique feature that botany runs in the family 
and some of his children have already 
made .significant contributions to that 
science. 
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Reprints in Chemistry 
Chemistry—An Experimental Science 
Pp. 466 , Price: Rs. H.OU 

Laboratory Manual for Chemistry—An Experimental Science 

Pp. 138 . Price: Rs 1.80 

Teacher’s Guide for Chemistry—Am Experimental Science 

Pp. 785 , Price : Rs. Rl.UU 

. These three books were prepared by the Chemical Education Material Study of 
America and published by W.II. Freeman & Oo„ Sun Enutusco. Now these are 
reprinted in India by the National Council of liducutional Research and Training. 

Order your copies from : 

The Chief Publication Officer, 

National Council of Educational Research and Training. 

114 , Sundar Nagar, New Delhi-] 1, 

Or from any Approved Sales Agent. 



The Royal Society of London 


rpHE Royal Society is a very old association 
1 It was formed by some people to whom 
the experimental method of research was 
more nnpoitant than the blind following of 
dogmas At the beginning of the 17th 
century, a number of persons with similar 
views began to meet weekly in various places 
to discuss natural philosophy and to carry 
out experiments. This group of persons 
called themselves the Invisible College and 
on November 28, 1660, it was decided by 
them to establish the college with a formal 
constitution. King Charles II encouraged 
this venture and it became known as the 
Royal Society. It was given a Royal Chartei 
of Incorporation in 1662 and the King be¬ 
came the Founder and Pauon of the Society 
He gave the Society a mace and a folio 
volume to bear signatures of the Royal 
Patrons and the Fellows. These two are still 
the treasured possession of the Society. 

Natural science made rapid progress in 
the second half of the 17th century and much 
of this was due to the Fellows of the Royal 
Society. Eminent pioneers like Robert 
Boyle, Robert Hooke and Isaac Newton 
belonged to this group. The Royal Society is 
located at Burlington House, Piccadilly, 
London since 1857, Besides holding meet¬ 
ings, the Society also directed the voyages 
of Captain James Cook. A distinguished 
botanist Sir Joseph Banks accompanied 
Cook on these voyages. 

Many prominent men of science were 
Fellows of the Society. A few of these were 
Henry Cavendish, James Watt, Herschel, 
Humphrey Davy, John Dalton, Michael 
Faraday, Clark Maxwell, Lord Kelvin, J. J. 


Thomson, Ernest Rutherfoid, Charles Dar¬ 
win and Joseph Lister. 

Ramanujam, a great mathematician, was 
the first Indian to be elected Fellow of the 
Royal Society. Later scientists of this 
country to be so elected arc Dr. C. V, Raman 
(Physics); Sir J. C. Bose (Botany); Prof. 
M. N. Saha (Physics); Prof. Birbal Sahni 
(Botany); Dr. H, J. Bhabha (Physics); Prof. 
S. Chandrasekhar (Physics); Prof. P. C. 
Mahalanobis (Statistics); Dr. S. S. Bhatnagar 
(Chemistry); Prof. K S. Krishnan (Physics); 
Prof. S. K. Mitia (Physics), Prof. T R, 
Scsliadri (Chemistry); and now Prof. P. 
Mahcshwari (Botany). 

When the Society was started, the number 
of Fellows remained between xoo and 200, 
but by 1847 it increased to 764. Strict rules 
of qualification were intioduccd and the 
number of Fellows elected each year was 
only 15, a number which has since been 
raised to 25 

There are three mam categories of 
Fellowships. The first is that of Royal 
Fellows, which at present comprises Queen 
Elizabeth II, the Queen Mother and three 
Royal dukes including the Duke of 
Edinburgh. Queen Elizabeth II is the 
Patron now. The second category is that 
of foreign members who number 65 
distinguished scientists from many lands. 
The third category that of Fellows who 
must be citizens of the British Commonwealth, 
constitutes the main element of the Fellow¬ 
ship. There are now 597 of these, of whom 
about 72 reside overseas. An important 
activity of the Royal Society is that of holding 
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meetings and publication ol rfcatJi w.-ik 
At the weekly meeting 1 , original paper ate 
read, special discussions. mct-inni** and 
lectures arc also held. Sescr.il lectures 
are given as a result of endowments 
The oldest of these arc the ( ronnun and 
the Bakeiian which originated in rxi and 
1775 respectively. The most recent one w 
in the name of Leeuwenhoek, the famous 
Dutch naturalist who first observed ami 
described bacteria and who communicated 
many of his observations to the Royal 
Society. One of the earliest publicum n. 
started in 1665 by the Society wus Phi's, f id¬ 
eal Transactions of the Royal Siuiety. In 
1832 the Proceedings began, The Society 
also publishes a Year Book which contains 
much useful information, a volume cm pu*t 
Fellows which is a valuable contribution to 
the history of science and a journal, Ao/r< 
and Records of the Royal Society, Tile 
Library of the Society contains s 50,000 
volumes. The Royal Society has hinds 
derived from donations and bequests for 
the support of scientific research. 

In England the Society administers 
parliamentary grants for the assistance of 
research, scientific publications and 
international research and congresses. It 
took a leading part in establishing 
Britain’s National Physical Laboratory 
and even now it controls its scientific 
policy, The Fellows of the Society assist the 
British Government by tendering advice on 
scientific matters, They are appointed to 
about 100 governing bodies and committees 
of leading universities, colleges, schools 


m ' ti rut b siv iiti/ti"' In such ways the 
Ih'vui 'mmviy 'Astkunt .my research institute 
of if* n ,;.'i ■ much through iu 

1 rdxwv to mfhiavr the course of 
dt-.tmpmrn! **! *■<hum* m the United 
Knrndom. 

I lm u> operation iTtween scientists of 
diJUirnt nations w one of the noteworthy 
dt'.rfopjnrm-. in the international field, it 
ho*,h promc c ol more lnciully relations with 
them. Sikh to operaiinn is necessary for the 
development t*l more fields of science as 
meieorologv, geophysics and oceans 
j'.r.ipby Thi . is c\cmpiihed by the Inter¬ 
national t icopitv 'k.il Year, the International 
Year of the Quirt Sun. the International 
Indian tVe.ui Fxjvdmnn, etc. In all these 
enterprises the Rnynl Siwieiv takes, a leading 
part. 

The full title ol the .Society is, ‘TheRoyal 
Society of London tor the Promotion of 
Natural Knowledge.’ ‘1 lie title describes one 
of its important characteristics. It is concern¬ 
ed only with natural ‘fences and not like 
many national academics with the humanities, 
A second important character of the Society 
is that the Royal Society is a private and 
independent scientific society. The society 
owes its influence ui as prestige. It has 
achieved, and maintains this prestige by its 
insistence on upholding the highest scientific 
merit not only by its awards m choosing 
a recipient of its research grants but, 
especially in the selection of those persons 
that it deems worthy of election to the: 
Fellowship. 
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YOUNG SCIENTISTS SHOW 
THIilR WORK 

A N electrical resistance thermometer, 
capable of registering infimtcsmal chan¬ 
ges of temperature, won two important awatds 
recently for 17-year-old Australian school¬ 
boy, David Kerr. David, a pupil at 
St Edmund’s College, Canberra, designed 
and built the thermometer himself. 

He entered it in an annual exhibition held 
by the Science School Teachcis* Association 
of the Australian Capital Territory. It won 
the two major awards for scientific instru¬ 
ments based on original investigation, 

David’s thermometer, a small but complex 
instrument which took him 18 months to 
think out and three weeks to build, faced 
some strong competition in the exhibition 
which was open to all secondary school 
children in Canberra. 



ivid Kerr and the electrical resistance thermometer 
he built 


David Keir’s thermometer has many pur¬ 
poses but as an experiment for the exhibition 
he put it to only one use—testing the effi¬ 
ciency of electric light bulbs. 

The results were intci csting to his fellow 
scientists, though rather depressing for 
buyers of electric light bulbs. Of the six 
brands of bulbs which he tested he found that 
some were only 23 per cent efficient. Even 
the best were no more than 33.8 per cent 
efficient as givers of light. 

David, who hopes to take an electrical 
engineering course when he goes to univer¬ 
sity next year, said his experiment had given 
him one useful piece of practical knowledge. 
He now knows which will be the most eco¬ 
nomical brand of light bulbs to buy when he 
has to stay up late studying. 

By Courtesy: Australian High Commission , 
New Delhi. 

LOWEST TEMPERATURE ON EARTH 

Scientists at Oxford, believe that they 
have achieved the lowest temperature 
on earth—within one millionth of one 
degree above absolute zero. Absolute 
zero, at minus 273.i3 u C,, is theoretically 
unobtainable according to the laws of 
physics. 

The temperature was reached with equip¬ 
ment at the Clarendon Laboratory, Oxford, 
where a special laboratory for studying very 
low temperature phenomena has just been 
inaugurated. 
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The experiments now being carried mu .trr 
aimed at the study of properties ofsuDt.nnc-, 
for which the transition into the state ol 
perfect molecular order postulated by the 
laws of thermodynamics occurs at those 
extremely low temperatures. 

In the field of .superconducting materials 
it is thought possible that electrical energy- 
may be stored for subsequent release 

By Courtesy: British Infotiuation ,Vr< n r 

NEW TYPE OF GLASS DARKENS AND 
BRIGHTENS AMID CHANGING 
LIGHT CONDITIONS 

A new kind of glass that darkens when 
light shines on it and cleans when the light 
is removed, has been developed in the United 
States. 

Still only in experimental use, the glass 
may be suitable for windows and walls, for 
sun glasses and, possibly, for auto-windshields 
which would automatically adjust to lighting 
conditions. 

Although the principle of photochrom- 
ism—a change in colour through exposure 
to light—has long been known, scientists say 
this is the first time that glass has been 
developed with the property of changing back 
to its original clear shade and repeating the 
darkening—clearing cycle indefinitely. 

This ability is due to tiny, light-sensitive 
crystals of silver halide—a compound of silver 
and either chlorine, fluorine, bromine or 
iodine. 

When the light strikes the crystals, the 
compound breaks into silver and the other 
element, and darkening occurs. Some 
samples become so dark that only one per 


.cut nf the buhl curies through, As the light 
mint itv lr--.cn-., the Mhcr and the ofe 
■ww rep-sn. clearing the glass. The crystals 
.lire 'ii tmv that they du not affect the glass's 
tr.us'-p.Hetus 

Nihrj halide crystals ate also used ia 
ciinihii'm lor photographic film, but that 

the prmr'.-. t«« ifreictMhlc. 

Scientists ot the t toning Glass Works, 

< 'roning, New York, who developed the g lass , 
sty '-peed and JMcitMtv of the daikening and 
brightening van be controlled from a fraction 
of a second to several minutes by varying the 
proportion of silver to the other clement 
during manufacture. 

IN'l t-Rl’I.ANfv I‘ARY MONITORING 

PI.AI1-ORM ntSCOVMKN IMPORTANT 
M*At K PHENOMENA 

The Intel planetary Monitoring Platform 
slMP launched into un unusual orbit by the 
U. S. National Aeronautics and Space Ad¬ 
ministration from Ope Kennedy on Novem¬ 
ber 26, 11)63, lias made .set many important 
discoveries about the solar system that U.S, 
experts consider it one of the most successful 
space research ventures todate. 

The 13ft-pound (Ai-kilogram) IMP, origi¬ 
nally known as the Kxplorcr-iS satellite, 
revolves around the earth once about every 
four days in the most stretehed-out orbit yet 
achieved. During each orbit, the satellite 
comes within 120 miles (192 kilometers) 
of the earth and then veers 122,800 miles 
(196, 480 kilometres) away from earth, about 
halfway to the moon. 

During these journeys, eight instruments 
aboard give scientists their first extended 
opportunity to survey the vast stretches of 
space between the sun and tire planets. 
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Through information furnished fiom the 
satellite, U.S. scientists have determined that 
the moon has magnetic effect that extends in 
the shape of a giant teardrop at least 68,000 
miles (108,800 kilometres) into space away 
from the sun. However, the discovery does 
not necessanly confirm a theory that the 
moon has its own magnetic field. The mag¬ 
netic effect could result from tiny particles 
ejected by the sun as ‘solar wind’ becoming 
trapped by electrified particles on the 
moon 

The satellite also discovered a huge 
radianon zone 50,000 miles (80,000 kilo¬ 
metres) above the earth, beyond the Van 
Allen radiation bells, and has confirmed that 
the collision of solar wind with this zone sets 
up a shock wave which envelops the earth 
as it moves through space 

From scibncp ni.ws, US IS. 

A NEW SYSTEM WILL ENSURE 
CHEAP ELECTRICITY 

The announcement that the second genera¬ 
tion of British nuclear power stations will be 
based on the advanced gas-cooled reactor 
(AGR) system is evidence of the remarkable 
achievement of British engineers and scientists 
in this field. 

This British-developed system has proved 
itself to be the cheapest, in terms of generat¬ 
ing cost, compiued to other competitive re¬ 
actor systems, mainly from the United States. 
And for the first time, the cost of electricity 
from nuclear energy has been brought below 
that of power from conventional stations. 

Dungeness B, on England’s south-east 
coast—the first station to use the new 
system—is due to start operating in 1970. It 
will have two reactors of the AGR type, each 


producing about 600 megawatts of electric 
power. The cost of a unit of electricity from 
the station works out to about 0,45 pence 
(zjpaise)—and perhaps will be even lower. 

The break-even figure which the nuclear 
power industry has had in its sights ever 
since it began expanding in Britain is roughly 
0.5 pence a unit. To get below this with the 
first commercial station of its kind and to 
undercut the most modern coal-fired stations 
coming into service at the same time is an 
outstanding technical success. 

A development of the ('alder Hall or 
Magnox type of reactor, the AGR is also 
graphite-moderated and gas-cooled. Its fuel, 
however, is uranium enriched slightly with 
the fissile isotope U235 instead of natural 
uranium, and it is in Lhc form of uranium 
oxide pellets instead of metal. 

AGR fuel is canned in stainless s’cel 
instead of the alloy of magnesium that gives 
the Magnox system its name, These im¬ 
provements mean that the reactor can work 
at much higher temperatures and pressures, 
thus increasing its efficiency at steam-raising. 
I11 lhct, steam from the AGR matches up to 
the most modern turbines and can be used to 
drive the biggest generating sets existing or 
envisaged. 

But its potential is even greater. It is 
possible that an AGR could produce gas hot 
enough to be used in another power-pro¬ 
ducing system called MUD, though a great 
deal of research has yet to be done on this. 
MUD employs a sucam of hot gas flowing at 
high speed through a magnetic field. The 
idea could be used in a completely closed 
cycle in which the gas goes round and round, 
to re-heat the gas on its way tluough a 
reactor 
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There may also be possibilities in using 
the AGR system for making fresh water from 
sea water. 

Half of the experimental fuel channels 
used in the reactor filled with prototype 
commercial AGR type fuel of the kind that 
will be used m large powei stations, some of 
this operating at a can temperature of 750 C, 
In addition, two channels contain fuel en¬ 
riched with plutonium instead of uranium 
to explore tire possibility of burning this 
fuel, which is made automatically in nuclear 
power stations as a result of fission. If the 
AGR can use such fuel, the efficiency of 
nuclear energy processes will be further 
increased. 

Detailed studies made by the Atomic 
Energy Authority have shown that the AGR’s 
containment building is unnecessary, and it 
is no longer operated as a permanently scaled 
building. 

By Courtesy; British Information Scrvtcc 

WORLD’S LARGEST RADIO 
TELESCOPE 

For a number of years now there have been 
plans for the construction of a very large 
radio telescope in order to extend research 
into the Milky Way system, to other star 
systems and to the investigation of the struc¬ 
ture of the universe by means of what are 
called radio sources. The design of this radio 
telescope has now been completed in broad 
outline and consultations have also taken 
place between the Belgian and Netherlands 
Governments. The telescope will be installed 
in the province of Drenthe in the Nehterlands 
and will be larger than any other telescope 
in existence. It will have a resolving power 
of about six-tenths of a minute of arc. 


l*or the investigation ol radio sources such 
a great resolving power is a prime essential, 
Radio sources are star systems which emit 
particularly strong radiation in the region of 
radio waves and which as a result can be 
observed at distance much greater than the 
greatest distances which can be bridged by 
optical telescopes. This new leap into space 
takes us to particularly interesting parts of the 
univeise where one may hope to measure the 
curvature of space. Moreover, the radiation 
from these most distant sources will have 
taken so long to reach us that it may tell us 
something about the remote past of the 
universe, specifically about a period in which 
the latter probably differed most considerably 
from its present state. 

However, the radio sources are not only 
of interest as beacons lor measuring the 
structure and the evolution of the universe; 
they are of equally great importance because 
of the remarkable, as yet completely un¬ 
explained processes which take place in these 
sources. For, in them, explosions occur which 
are many million limes more powerful than 
those of the supernovae, in which whole 
stars exploded. In the radio sources star-like 
objects must have formed which contain 
many million times more mass Lhan the sun, 
‘super stars’, which are apparently unstable 
and which through their explosion have 
furnished the unpiccedcntly great quantities 
of energy which are radiated by the radio 
sources. The investigation of these entirely 
new phenomena is now one of the most 
fascinating aspects of physics and astronomy. 
To be able to perform this kind of research 
properly, one requires a tudio telescope with 
a diameter of several kilometres, instead of 
the 25-metre cross section of the Dwingeloo 
reflector. The object of the Belgian-Dutch 
project is to build a telescope of that size. Of 
course, one cannot build a complete movable 



metal reflector a kilometre in cross section, 
but one can imitate such a reflector by placing 
a number of Dwingcloo telescopes snle by 
side and combining the signals received by 
these various reflectors m such a way that 
this row of reflectors gives the same informa¬ 
tion as a continuous reflector with a diametre 
equal to the total length of the row of separate 
reflectots. The huge radio telescope winch 
is now to be built in Dwingcloo will consist 
of a row, abouL rl kilomctics long, of io 
telescopes with a ctoss section of 25 metres. 
In this way it will be possible to achieve a 
resolving power of about six-tenths of a 
minute of arc at a wavelength of 21 cm, for 
which the telescope will be initially 
designed. 

The plan for this giant telescope has 
passed through a period of considerable 
evolution in icccnt years, There were two 
reasons for this: firstly, because during the 
design stage all kinds of technical difficulties 
came to light which were not to be seen in 
the first approach, and secondly, because in 
the intervening period discoveries were made 
elsewhere in the world which made it desir¬ 
able to adapt the design to new fields of 
research. In particular, in the last eighteen 
months the sensational discoveries have been 
made of the above-mentioned ‘super stars’ 
and ‘quasi-stellar’ radio sources, 

In the original design the telescope was 
planned in the form of a cross. The ad¬ 
vantage of such a shape is that all information 
that is required for a complete representation 


of the part of the heavens to be observed is 
obtained at the same time A disadvantage 
is that m such a case about one hundred 
reflectots would be icquired to get a resolving 
power of one minute. The technical pro¬ 
blem of causing the signals coming from 
these hundted reflectors to interfere with 
each other with sufficient accuracy is so 
complicated tint it would take longer to 
build such an instrument than seemed 
justified in view of the speed at which 
science is developing. Exactly the same data 
can also be obtained by arranging the re¬ 
flectors in a row running east-west and 
extending the observations of the part of 
the sky to be examined from the time that it 
rises in the east until it sinks in the west. 
As a result of the earth’s rotation, this row 
will successively adopt various positions in 
respect of the sky and in the course of half 
a day will collect as much information as 
could be given by the ‘cross’ at one moment. 

This simplification can be further extended 
for instance by replacing a row of evenly and 
closely spaced reflectors by a row of reflectors 
further apart and adding to the latter a 
reflector which can be moved over a distance 
of a few hundred metres in an east-west 
direction. This mobile reflector must then 
be installed at different places in the succes¬ 
sive nights to fill the gaps between the others, 
The radio telescope which is now to be built 
in Dwingcloo will be of this form. 

Courtesy! Higher Education & Research 
in (he Netherlands— Vol. VI 77 , No. 4 .— 1964 . 
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I T is well known that mathematics is a 
creative activity of mind of the highest 
order and an unparalleled power in applica¬ 
tion, As regards the latter aspect it will 
suffice to mention some of the outstanding 
developments in other branches of knowledge 
which would not have been possible without 
the use of some of the profound theories in 
mathematics. Could physical sciences have 
the quantum theory, theory of relativity, 
plasma physics, particle physics, if the mathe¬ 
matical knowledge which forms tire basis 
of these subjects did not exist? Could modern 
engineering and technology attain the 
maturity which was essential for liberating 
man from the earth and for giving him hope 
to conquer space? Could social sciences like 
econometrics, operational research and psy¬ 
chology play the part which they are playing 
today for the benefit of society? And it is not 
surprising that mathematics has such a vast 
and varied field of action if we understand 
its basic nature and how it operates. Mathe¬ 
matics is a way of thinking and the mathe¬ 
matical education aims at disciplining tire 
mind in that way of thinking. To under¬ 
stand this statement let us cursorily look at 
how mathematics works. One first decides 
what he takes as granted and then he does 
not worry himself about proving the validity 


of these axioms except ascertaining that they 
are not contradictory to each other and that 
none of them is superfluous, c.g., no one of 
these axioms can be deducted from the rest 
of die axioms. Next, he sets for himself 
certain rules for working. He then tries to 
draw inferences as general as possible. The 
outcome is a theorem or a set of theorems, 
Thus mathematics is a sort of game of skill 
played under prescribed conditions in a 
prescribed manner. 'Flic merit of the 
achievement can. only be judged by the degree 
of its contribution to the development of the 
subject. If the contribution becomes an 
inevitable link, small or large, without which 
the chain of the future development of the 
subject cannot proceed, it is undoubtedly an 
achievement of the highest order. 

Does the mathematical education in our 
country prepare people who are capable of 
producing such links in the development of 
the subject? If not, why not? Looking into 
the vast literature that is published every 
year, there is hardly a spark or two occasiona- 
ly. Most of the published research papers 
have no purpose, some are trivial and very 
few at the most reaching the level of second 
class research judged from the international 
standards. This state of affairs exists in 
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spite of our professing all the time that the 
fundamental aim of mathematical education 
is to train the minds of the students in precise 
thinking and to excite their imagination for 
tackling new problems. I do not feel shy to 
say that the majority of the students that 
come out of the universities even with first 
class degrees aL the Master’s level has very 
defeedve understanding of the subject, lacks 
in imagination and originality and worst of 
all, has no real liking for the subject. Their 
concern with the subject is more or less on 
the basis of source of employment rather 
than ‘knowledge for knowledge’s sake.’ 

Is it not a matter of common experience that 
most of the students arc able to establish in 
examinations cumbersome books and articles 
and write solutions of some of the compli¬ 
cated questions whose solutions they have 
known previously, but arc unable to tackle 
unknown questions however simple they may 
be? Perhaps here lies the clue for the answer 
to the question which I have just now posed. 
First, let me talk about the people of my own 
community, namely, the teachers. I do not 
think there is any dearth of conscientious 
teachers who really want to discharge their 
duties with honesty. However, a vicious 
circle has developed round our educational 
institutions. The examination system of to¬ 
day amounts to the examination of the 
teaching ability of a teacher, A good per¬ 
centage of passes makes him an efficient 
teacher and vice versa. In most cases, the 
teacher has to accept students on certain 
other considerations than their ability to 
pursue the course. Clearly, under these 
circumstances, to preserve himself, I presume 
perhaps most unwillingly, he resorts to un- 
academical practices both in teaching and 
examination For example, teachers con¬ 
centrate while teaching on the portions which 
are important from the point of view of 


examination, provide volutions of all th< 
problems which arc usually asked in the 
question papers, do not forget to discus 1 
thoroughly last few years' papers, for they 
know that there is a qo per cent charter 
of repetition of questions from them, ant. 
finally, if io per cent chance has its uppo 
hand, they have no hesitation in throwing 
the blame for disaster on the shoulders ol 
the poor examiner lor, by doing so 
they may be able to extract some son 
of concession for the students from the 
university. The students are a clever class 
they not only know all these things but alsc 
understand fully the implications of these 
things. This situation takes away all the 
initiative from the students. They forget that 
learning of the subject is their own affair 
and that a teacher’s job is only to show them 
the path. I need not further elaborate this 
stinking episode and dose it by saying that 
most of the indiscipline in which the present 
day student community has distinguished 
itself stems from this situation. Moreover, 
with the short cuts available to them for 
getting success at the examinations, they 
have enough leisure to misuse their youthful 
energy and adventurous spirit in channels 
other than academical. If, on the other hand, 
the method of instruction would have been 
lively, if there would have been more intimate 
intellectual contact between the teacher and 
the taught and if there would have been a 
burning desire in the hearts of the pupils 
for acquiring knowledge, the state of affairs 
would have been different. Among this 
hoard of disinterested students, every now 
and then we come across a few who have 
acquired brilliance of mind. If we study their 
case histories, it will be found that these 
people are those who have developed a certain 
amount of idealism, who are not aiming at 
achieving only the practical goal, namely, 
that of passing the examinations, and who 
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have consequently burnt the midnight lamps 
in the hope of gaming some knowledge. 
They are the persons who have struggled 
through most of the problems by their own 
efforts and in doing so they have acquired 
such an intimate familiarity with the subject 
that when asked to reach a destination, 
however remote it may be, they will be able 
at once to choose their path with confi¬ 
dence which will lead them to the goal The 
ill-conceived methods of leaching and the 
vagaries of examination will not be able to 
demoralize them. 

As a school-boy Newton had constructed a 
water-clock, a wmd-mill and a carriage moved 
by a person who sat in it and at the age of 
twenty-three, he had made his most profound 
contribution to mathematics, namely, the 
concept of fluxions, the fore-runner of calcu¬ 
lus. At the age of seventeen, in recognition 
of his brilliant work, Lagrange was made 
Professor of Mathematics at the Royal Mili¬ 
tary Academy at Turin and at the age of 
mneteen he had given the general method 
of solution of isoperimetric problems, known 
now as the calculus of variation. Inspite of 
all the handicaps of being born of extremely 
poor parents, Laplace at the age of eighteen 
had sent a paper on mechanics along with 
other recommendatory letters to get support 
of D’Alembert for some job, which impressed 
D’Alembert so much that he wrote back to 
him the following reply and obtained for him 
a Professorship in mathematics at the Ecole 
Militaue at Paris: ‘You need no intro¬ 
duction; you have recommended yourself; 
my support is your duel’ In the following 
few years his brilliant work in mechanics 
and astronomy earned him the title of 
‘Newton of France’ Hamilton, at the age 
of thirteen, had learnt as many languages as 
he had lived years, at the age of eighteen he 
had corrected a mistake in the work of 


Laplace, at the age of twenty-two, while he 
was still an undergraduate, he was appointed 
to the ('.hair of Astronomy and soon after 
that he wrote the principle of least action 
which goes in his name. It is well known 
that Abel died at the age of twenty-seven 
from tuberculosis induced by poverty and 
Galois died at the age of twenty-one of a 
pistol shot received in a meaningless duel, 
yet during these short spans of life they pro¬ 
duced that work which has left a permanent 
stamp on mathematics. Similarly, Ramanu- 
jam worked under all hardships that one can 
imagine and breathed his last at the age of 
thirty-three, yet his contribution to theory 
of numbers and the theory of elliptic and 
modular functions was so great that Prof, 
Hardy, his friend, philosopher and guide, 
paid him the following tribute: ‘His (Rama- 
nujam’s) work has one gift which nobody can 
deny—profound and invincible originality, 
Oil this side most certainly, I have never 
met his equal and I can only compare him 
with Euler and Jacobi. European mathe¬ 
maticians will take fifty years to decipher 
what is contained in his note-books.’ 

It is dear that everybody cannot be an 
Euler or a Gauss or a Ramanujam, but it is 
certain that with a sincere effort everybody 
can acquire a deep understanding of the 
subject. Let us remember the English 
saying that, ‘the battle of Waterloo was won 
on the fields of Eton’ meaning thereby that 
the early years of life, to a great extent, 
determine the course of future life, This is 
more true in case of mathematicians. History 
of mathematics shows that early maturity 
and sustained productivity arc the rule, not 
the exception, for the greatest mathematicians, 
Youthful mind with its profound vigour 
and spirit of adventure is surely more suited 
to conceive revolutionary ideas though it 
may take time to work them out. For 
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example, Gauss spent about fifty years of his 
life m developing some of the inspirations 
that came to him before he was twenty-one. 
However, one thing is certain that brilliant 
toes of thought do not come of then own 
or at the ordaining of destiny; they tome ns a 
result of continual involvement in the subject 
with devotion. 

The moral of this discussion is evident. 
There is no short cut to learning though 
there may be short cut to passing the exami¬ 
nations; you cannot have the exhilarating joy 
of diving deep into the ocean of knowledge 
in search of the pearls by simply sitting at 
the sea-shore and counting few waves break¬ 
ing there; by reading the composition of 
some person a poet cannot launcli himself 
into the same sort of ecstasy m which he 
finds himself after completing his own; 
those who have not created cannot under¬ 
stand the sense of self-fulfilment which a 
creative scholar or a creative artist ex¬ 
periences, It was not without reason that 
in ancient India, the gums used to live with 


their disciples far away hom the pimp and 
show of the capitals It was not without 
purpose that cum the mighty kings could not 
interfere with the pmgiammc of die garm 
and regarded it a real privilege to sit in from 
of them. Did the teacher and the taught not 
live in perfect intellectual communion with 
each other and carried their pursuit of 
knowledge without any distraction? Did the 
kings not get independent and frank advice 
from their gums which averted many a 
crisis? I am not suggesting for a moment 
that wc should put the wheel of lime back, 
I know it is neither feasible nor advisable, 
However, 1 am fully confident that with 
honest efforts and by fostering those ancient 
ideals, we can make our universities and 
colleges real temples of learning lot the 
society learn to respect its teachers and let the 
teachers catch the true spirit of a teacher by 
regarding teaching as a mission and not a 
profession lixistence of such an atmosphere 
of understanding is a pre-requisite before wc 
can reform the present state of education and 
research in our country, 



Summer Institute for Teacher Educators 

A Participant's Reaction 


K NOWLEDGEj particularly scientific 
knowledge is growing by leaps and 
bounds. Learners and educators in the field 
of science are finding it hard to keep pace 
with the ever increasing volume of new ideas 
and the evolution of new concepts incorpo¬ 
rating the old m them. The only remedy 
could be that one should always be a student. 
This is most essential for teachers including 
the university professors. It is this realisa¬ 
tion that caused the holding of Summer 
Institutes, since a few years in the U.S.A., in 
order to provide short-term refresher courses 
in science concepts and methods of teaching 
to teachers of science in secondary schools. 
For the past three ycarsj Summer In¬ 
stitutes in science are being organised 
jointly by the U.G.C. and the N.C.E.R.T. 
in collaboration with the United Stales 
Aid for International Development. The 
number of centres is increasing every year 

Durmg the she weeks from April 26 to 
June 4, 1965, a Summer Institute was 



Teacher Educators at 


organised in India exclusively for teacher 
educators (in physics and chemistry). The 
venue was the Regional College of Educa¬ 
tion, Mysoie. Besides being the first of its 
kind, this Summer Institute had certain 
other unique features. It had participants 
from all over India and these participants 
went through both the P.S.S.C. and the 
CHEM Study programmes. They also dis¬ 
cussed some problems of teacher education 
in India and suggested follow-up activities 
for the P.S.S.C. 'and CHEM Study pro¬ 
grammes in their own training colleges and 
practising schools. Except for the fact that 
all the participants were teacher educators 
the group was heterogeneous fiom more 
points of view than one. It consisted of 38 
persons, hailing from twelve different states 
of India, varying in age from 26 to 56 years, 
holding posts from Assistant Lecturers to 
Professors, having food habits peculiar to 
each state and parts of a state, some with a 
master’s degree in content and others with a 
master’s degree in profession. It is no 



work in the Institute 
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exaggeration when I say that this group be¬ 
came more and more homogeneous as it 
went through the Summer Institute pro¬ 
gramme. 



Teacher Educators at work 


All the participants including those from 
Mysore City stayed in the college hostel. 
They were engaged in the Institute from 
9.30 a.m, to 12.30 p.m . and again fiom 
230 p.m. to 5.30 p.m. each day on five days 
m the week with an additional programme 
of film shows from 6.30 p.m. to 8.00 p.m. 
Saturdays were used for field trips or ex¬ 
cursions and Sundays for rest and for attend¬ 
ing to home assignments. 

It was a thrilling and memorable experience 
to each participant both educationally and 
socially. Educationally because., the method 
of ‘Learning by Doing’ was practised by 
them for the first time, new concepts were 
acquired, new devices were handled and 
an opportunity was provided to learn 
correctly many concepts which were to them 
hitherto vague or abstract, or merely bookish, 
or were wrongly acquired. Socially because, 
it was as if all India had met on a common 
platform to discuss common problems, to 
know, to greet, to imitate the food habits or 
the language of one another and to get 


m 

acquainted with the two fine teacher, from 
the U.S.A.. Dr. S'. Winston Cram and Dr. 
Charles L. Koelsdie 

Let me now say something about the 
V.S.S.C. and the CHE.VI Study courses 
They deal with the fundamentals m physics 
and chemistry respectively. They avoid the 
study of material which should have to tie 
unlearned in some higher grade of education, 
as for example, the rule of signs in measuring 
distances from a lens or a mirror, the long 
and cumbersome statements attempting to 
define concepts or describe instruments and 
appaiatus, the traditional meaning of valency, 
oxidation-reduction and several things which 
are usually found in the traditional textbooks 
and govern the teaching based on them. The 
emphasis in these courses is on thinking, 
acquiring correct concepts through inductive 
and analytical reasoning and developing in 
the pupils a spirit of inquiry through intelli¬ 
gent questions, as contrasted with termi¬ 
nology, memorization, blind acceptance and 
deductive reasoning emphasized in the tradi¬ 
tional teaching methods. Besides, there is 
greater emphasis on the qualitative aspect 
and understanding than on the quantitative 
aspect and precision in measurement. 

Each participant in our group was supplied 
with the Physics text, ‘The Physics Labora¬ 
tory Guide’ and the Chemistry text, and 
‘The Laboratory Mannual for Chemistry’. 
He/she was expected to read from the books, 
the experiments assigned for the next day. 
But sometimes clear understanding would 
not be possible, by a mere reading unless the 
apparatus or other material was on hand. 
Doubts and difficulties arising during the 
experiment were solved by the consultants 
or their assistants. Measurements were 
made, observations were recorded and graphs 
were drawn wherever possible and inter- 
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pretations made of them. Discussion of the 
results was taken up in the next theory class 
and before the next experiment was assigned. 
Every experiment commencing from the 
measurement of short-time intervals up to the 
determination of the mass of an electron in 
physics, or commencing from the observation 
and description of a burning candle up to the 
experiment on the relation between the moles 
of copper, moles of silver and moles of 
electrons involved during electrolysis was 
highly interesting and illustrative 

Many teaching devices under the P.S.S C. 
and especially those in parts i to 3 are novel 
and can be improvised without mucii cost 
or difficulty. Some of these are capable of 
varied application. Let me illustrate with 
two examples. 

The Stroboscope: This can measure short 
time intervals or high speeds. It consists of 
a circular disc or wood about 10 inches in 
diameter and half an inch in thickness with 
12 slits spaced at 30 degrees round the cir- 
cumferance. The slits can be covered by 
black tape. This disc is attached at the 
centre to a rectangular frame of wood 
10" x 2" x . There is a hole near the 
centre of the disc in order to keep a finger and 
turn it. Any rotating or vibrating object 
can be viewed through the slit in the wooden 
frame and keeping one or more slits of die 
disc open. By rotating the disc its speed 
can be adjusted so that it is equal to the speed 
of rotation or vibration of the object, when 
the object would appear to be still. The speed 
of the stroboscope can be measured by a stop¬ 
watch and hence the speed of rotation or 
vibration of the object can be known. It is 
possible to find the speed of rotation of an 
electric fan, the vibration of a bell clapper, the 
ripples on water in a tank or the frequency 
of an A.C, circuit. It was by the same princi¬ 


ple that b‘i/eau measured the velocity of light 
by a tcrrestiial method. Ilis stioboscope 
had 200 openings and was totaled at 54,000 
revolutions per minute. 

The Ripple Tank: A colourless sheet of 
glass 50 cm x 50 cm x 0.5 cm is fixed into 
a metal or wooden fume-work so as to make 
a leak-pi oof tank, the boundaries of the tank 
being approximately 3.0 cm high. This 
tank is made to rest in a horizontal position 
at about 50 cm above the ground, by sus¬ 
pending it or by supporting it from the 
ground Clean water is poured into the tank 
to a depth of about 'l cm. The depth of 
water is mcasuted at the corners and uniform 
depth is secured by adjustment. A large 
white paper is kept on the ground below the 
tank and is held in position by weights. A 
powerful electric lamp suspended at about 
50 ems above the tank serves as a source of 
light to illuminate the water in the tank. The 
lamp is covered on all sides, except the 
bottom by a dark cover, so that a shadow of 
the tank falls on the paper. A piece of 
cloth, sand or wire-gauze along the borders 
of the tank serves as a damper. Now the 
ripple tank is ready for use. 

In order to generate straight waves in the 
tank a straight rod 30 cm long and about 2 
cm in diameter may be used. To generate 
circular waves a thin bent wire attached to 
the hammer of an electric bell may be 
used. 

Uses of the Ripple Tank in High Schools: 
The ripple tank can be used for a variety 
of purposes such as ; (i) to illustrate the 

concept of a wave and to demonstrate that 
there are things other titan particles of 
matter that can move from one point to 
another point; (ii) to show that particles of 
water or a liquid in which waves are 
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generated do not move along with the wave; 
(iii) to demonstrate the nature of transverse 
waves as compared to the longitudinal waves 
along a stretched suing or rubber, iv) to 
demonstrate circular and straight wave 
patterns and to measure wave length, period 
and wave velocity; (v) to demonstrate the 
phenomena of (a) reflection (b) refraction 
and (c) disperal of waves and to serve as 
a means of bringing the analogy between 
these phenomena in ripples and similar 
phenomena in light, In addition to the 
above, the ripple tank can he used for a few 
more demonstrations in higher secondary 
schools such as: (vi) to demonstrate the 
phenomena of (a) diffraction (b) interference 
(c) effect of a difference in phase, and (vii) 
to illustrate the formation of nodal lines. 

Though the CHEM. Study piogramme had 
much in common with the P.S.S.Ch, it had 
its unique features. Here each participant 
had to rely on himself and most of us did so 
in almost all the experiments. The five 
experiments in Part I on ‘Observation, 
interpretation, precision and measurement’ 
consisted of activities such as observation of 
a burning candle, warming up a few solids, 
heat effects on wax, etc. These seive to lay 
the foundations of chemistry, through such 
concepts as melting point, heat of solidifica¬ 
tion, heat of combustion, physical change 
and chemical change. In Parts 11 and 111 the 
student is introduced to the study of quanti¬ 
tative chemistry through reactions involving 
the concepts mole, gram molecular volume, 
molarity, pressure of a gas, aqueous tension, 
etc, At the end of each experiment there are 
challenging questions and a few additional 
assignments for the above average pupils. 
It was a real wonder to us when we found by 
experiment and calculation the enormous 
difference between die heat of solidification 
and the heat of combustion of a candle or 


when we, lor tin*lir i time, observed (hr One 
crystal', of silver deposited on a copper wire 
dipped m a solution of silver nitrate. It was 
more surprising to tmd, that the weight of 
ether nitrate obtained from the above uv t.ii. 
of silver was more than the weight of silver 
nitrate which gave the silver drptwti. Here 
there was something to think and reason out 
about what could take phwc in chemical 
actions as if contradicting the laws of chemis¬ 
try. Other examples for wonder and the joy 
of discovery were when we found that II,- 
II, plus II, where II, is the heat of reaction 
of NaOII .solid'with *atcr. II, is the heat 
ot leaction of Nat HI (solid) with IU.I :iq , 
anil II, is the heat of reaction of NaOlI >q 
with IPi (,K) ; and when we observed the 
effect of concentration and of temperature 
on chemical reactions—things which had 
remained merely bookish to most of us. 

Lectures on the modern concept of valency 
m terms of the number of electrons that an 
atom of an element could give or take Hvhich 
again depends upon the number of electrons 
in the outermost .shell of an atom), on the 
concept of oxidation as a consequence of loss 
of electrons, on the formation of compounds 
through different kinds of chemical bonding, 
on the different kinds of orbitals containing 
electrons at different energy levels surround¬ 
ing the nucleus of an atom and the representa¬ 
tion of chemical reactions in terms of ionic 
or net equations were eye openers to many 
of us regarding the latest trends in the content 
and methods of teaching chemistry in 
secondary schools. 

Let me now say something about what we 
learnt in the institute regarding methods of 
teaching: 

X. We found that learning by doing is a 
sound principle and yields very good results 
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covered through the graph. Physical and 
chemical relationships can serve as practical 
examples which could he used while teaching 
the critical mathematics. 

5. We realised that tests must be so 
constructed as to test understanding and 
ability tor application and not for testing 
memory. 

('■ I'ilms are essential accessories to 
teaching. They serve to concretise the 
abstract ideas, to clarify doubts, to supple¬ 
ment learning and to introduce expert 
teachers and their methods of teaching to 
many for whom those teachers arc inacces¬ 
sible. 

Prof. M, D. Devadasan insisted that each 
participant should draw a follow-up program¬ 
me of activities to be implemented after his 
return to his college. 

K. RAMA RAO 

Some Facts About Summer Institutes 

A DDRESSING the participants at the 
dosing function of the Summer Institute 
in Biology, Delhi University, Dr. D. S. 

Kothari made reference to some interesting 
features of the programme. Some of these 
are given here. 

Different events have different periods of 
doubling in history. Thus national biogra¬ 
phies have a doubling period of 100 years, 
population has one of 50 years, top scientists 
and gross national products, 20 years; 
sdence as a whole, 15 years; sdentific know¬ 
ledge in some branches, 10 years; some spe¬ 
cial branches of science, 3-5 years, but the 
Summer Institutes in India have the shortest 
doubling period, viz., a few months. The 
uumber of Institutes hdd in the past few 
years and proposed to be held in future 
are: 


N". of No of 

Institute*. participants 

1963 4 168 

1964 44 16. 2208 

196.1 94 28 4700 

1966 ISO SO — 

1969 280 180 14000 


fThe figures in the brackets refer to institutes 
for college teachers.; 

The total number of teachers who would 
have been trained by 1969 would be 51,000. 
This will be f, of the total science staff of 
secondary schools and colleges. In ten years 
every one will ger a chance. 

Summer Institute Programme is an illustra¬ 
tion of the co-operative activity of a number 
of organisations interested in the advance of 
sdence. The participation of American 
srientists had an effect of triggering tie 
Indian effort. 


if practised, practice preceding theory with 
scope for individual work at one’s own pace 
and extra assignments for the more abled. 

2. We realised the necessity for a pupil’*- 
guide book for science laboratory work; the 
guide book should be based on the textbook 
and must contain challenging questions and 
assignments with no room for mechanical 
work or memorisation but thinking being 
demanded at all steps. 

3. In order to create and sustain interest 
and attract attention, the experiments should 
be novel and capable of simplifying and con¬ 
cretising the complex or the abstract concept. 
The ripple tank, the inertial balance, the 
pendulum of sand are some examples. 

4. Whenever relationships could be ex¬ 
pressed quantitatively, graphs should be 
drawn. Many a time a relationship is dis- 
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A UNESCO PROJECT 
UNESCO Technical Assistance Programme 

A FTER a study of the recommendation of 

the UNESCO Planning Mission it was de¬ 
rided that the programme of Science Educa¬ 
tion as contained in the report should be 
tried out as an Experimental Project in some 
selected schools in Delhi. In consultation 
with the Delhi Directorate of Education 15 
schools have been selected where it is pro¬ 
posed to start the teaching of sciences as 
physics and biology from Class VI and 
chemistry in Class VII and mathematics in 
VI and IX. With the help of the UNESCO 
experts the Department has developed 
syllabi in these subjects for the middle 
stages. A continuous syllabus for the 
secondary stage has also been prepared. The 
officers of the Department and experts are 
busy in preparing teaching material for 
printing and in formulating their programme 
for the teachers of these experimental schools. 

The teachers of the selected schools would 
be oriented first and the progress of the 
experiment would be closely watched and 
group discussions held quite often with the 
teachers. 


The following experts of the UNESCO 
Mission are working in this Department in 
close collaboration with the officers. 


Dr. G. G. Maslova 
Dr. A. V. Brioukhanov 
Dr. V. A. Gluoshenkov 
Dr. O. N. Sazonova 


Mathematics 

Physics 

Chemistry 

Biology 


Dr. I. D. Zverev Teacher 

Education 

Mr. V. N. Smirnov Workshop 

Mr. X. S. Stepanov Interpreter 

SCIENCE TALENT SEARCH 
EXAMINATION 10f>i 

The examination for selecting talented 
students under the scheme was held on 
January 3, 1965. The written examination 
consisted of an aptitude test and an essay 
paper. The contestants had to submit a 
project report. These were evaluated. On 
the basis of the marks obtained, 1152 students 
were called for interview at 5 different 
centres in the country. Finally 325 candi¬ 
dates were selected for the award of 
scholarships. The scholarships will be 
tenable only if the awardees pursue science 
course in the colleges. The statement 
below gives some figures regarding the 
number of candidates who appeared, 
number interviewed and the number who 
were finally awarded the scholarship 
according to the States to which they 
belong. Besides these awards, 190 were 
awarded Certificates of Merit. 


No. of No. of No. of 
candidates candidates candidates 
StateITerritory mho called for selected for 

appeared interview the award 


Andhra Pradesh 545 

Assam 42 

Bihar 180 

Gujarat 94 

Jammu & Kashmir 17 

Kerala 61 

Madhya Pradesh 993 


50 4 

9 7 

25 13 

13 — 

11 1 

76 2 
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Maharashtra 

217 

136 

36 

Madras 

400 

99 

13 

Mysore 

184 

90 

23 

Orissa 

38 

14 

6 

Punjab 

452 

60 

11 

Rajasthan 

313 

29 

5 

Uttar Pradesh 

1677 

95 

27 

West Bengal 

394 

150 

77 

Delhi 

586 

262 

97 

Himachal Piadesh 

15 

— 

— 

Manipur 

11 

— 

3 

Tripura 

28 

5 

2 

Goa 

6 

5 

1 

Pondicherry 

59 

20 

— 

Andaman & Nicobar 



Islands 

3 



Total 

6395 

1152 

125 


decs so that they may utilize their creative 
abilities in a liuitful v, ay. Based on this 
philosophy, five Summei Schools were or¬ 
ganized m the month of Mav 1965 at Delhi 
Hhuhancsw.u, I’oona, Aleemt and Hyderabad. 
These schools were 11111 tor a month and an 
effort was nude to provide stimulating en- 
viionmcnt to the participants so that they may 
develop their basic potentialities to a sufE- 
cicnt extent. The entile pingtamme con¬ 
sisted oflectuies on modem development in 
basic sciences, workshop practice, laboratory 
experiments, individual piojcct work, indi¬ 
vidual and group discussions, excursions to 
places of scientific imeiest, film shows and 
lectures from eminent scientists and edu¬ 
cationists, 




Shri Vivek Caesar Montciro 
of Goa, who stood first among 
the awardees of 1965. 

SUMMER SCHOOLS FOR SCIENCE 
TALENT SEARCH SCHOLARS 


Kumari Tunima Karkum 
of Uttar Pradesh, who stood 
first among the girl unidi- 
daies and was iilili in r.mk. 


In order to nurture the scientific talent 
identified through the Science Talent Search 
Scheme, it was considered necessary that a 
number of Summer Schools should be orga¬ 
nized all over the country in order to provide 
a suitable scientific atmosphere to the awar- 


Thcse Summer Schools have provided 
very encouraging environment to the 
awardees and there were sufficient oppor¬ 
tunities for a scholar to obtain maximum 
benefit by participating actively in the 
programmes of these schools. 


N1AVS AND NOTKS 
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Science Talent Awardees at work in the Summer Schools 


REFRESHER COURSE IN BIOLOGY 

A 10 -week refresher course was 
organized by the State Institute of 
Science Education, Bangalore to give a 
short-term training to the biology teachers 
of the Mysore State. It was conducted at 
the Regional College of Education, Mysore 
and the Teachers’ College, Mysore. The 
purpose of the course was to acquaint 
the biology teachers with modern 
concepts and trends in biological science 
so that they may improve their methods 
of teaching biology m their schools. 
Eleven teachers of biology from all over 
the State participated from May 10 to 


July 18 , 1965 . The syllabus followed 
in this course was prepared by the 
Department of Science Education of 
the National Council of Educational 
Research and Training, who also deputed 
for a week one of their officers to help 
in organizing and giving a start to the 
workshop. The biology science staff of 
the Regional College of Education, 
Mysore, took the help of resource persons 
from the post-graduate departments 
of botany and zoology. University of 
Mysore. Apart from the lectures in the 
forenoon the accent was on the practical 
in the afternoon. The participants have 
drawn up a draft syllabus of their own 
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in biology for standard XI svlnch 
includes some of the latest developments 
in biology. They have also worked 
on eight assignments after detailed 


discussions. Short excursions W ere 
ananged to the Mysoie Chemical and 
Fertilizer Factory and the National Paper 
Mills, Helagola. 



The Awardees of 1964 
being introduced 
l)i. S, Riidhnkrislinan, 
President 


Inauguration of the Science 
Talent Awardees’ 7-day 
Workshop at New Delhi in 
December 1964 by Shri 
L. S. Chandrakantj Joint 
Director, NCERT 





Bc^hs 

For jour science library 


Biology: A Textbook for Higher 
Secondary Schools, Section 3. ‘The 
Diversity of Animal Life.’ P. Mahkshwari 
and Manohar Lal (Ed) National Council 
of Educational Research and Tiaining, 
New Delhi. 1965. pp. 200, Rs. 4 00. 


^HE first two sections of this book, already 
published were reviewed 111 these columns 
in. the earlier issues. Section 3 of the book 
just released deals with ‘The Diversity of 
Animal Life’. In its 14 chapters the book 
gives the student a glimpse of the variety of 
animal life The more familiar vertebrates 
are dealt with first While dealing with each 
group in separate chapters, the frog and the 
human body are taken up m detail in then- 
respective chapters This is as it should be, 
because the study of fiog will lead the student 
to have a better insight into the working of 
the animal body. Many of the books on 
biology published m this country do not deal 
with the study of human biology. This book 
deals with it m detail because it is necessary 
that the student should know more about his 
own body. The other groups dealt with are the 
fishes, amphibians, reptiles, birds and mam¬ 
mals Then follows the part on invertebrates 
or the animals without backbones like Proto¬ 
zoa, Porifera, Coelenterata, Platyhelnunthes, 
Nemathelmintlies, Mollusca, Annelida, Ar- 
thropoda and the Echmodermata. 


Each chapter describes the general charac¬ 
ter of one group with a number of examples 
and the highlights of the structure, behaviour, 
reproducuon and other features of the 
members. 


In the first or the introductory chapter 
attention is diawn to the evolutionary story 
of animals. The chapter on Mammals 
includes the human organism. Latest 
knowledge about blood types, the effect of 
endocrine organs, etc. are dealt with here. 
Life span of plants, animals and man and an 
account of human diseases will be given in 
the last section of the book. 

The present publication maintains the 
excellent get up and is well illustrated in¬ 
cluding four colour plates. 


S. DORAISWAMl 


Biology for Philippine High Schools: 
Relationships of Living Things, Uni¬ 
versity of Philippines. National Science 
Development Board, Manila. 1965. Text 
pp. 662; Teacher’s Guide pp. 197. 

THE Biological Sciences Curriculum Study 
(BSCS) of the United States has prepared 
three sets of teaching materials for a course 
in biology in the American Schools. Each set 
includes texts, laboratory manuals and 
teacher’s guides besides several supporting 
materials. A school is free to choose anyone 
of these sets. The three versions are called 
the Blue, the Yellow and the Green versions, 
each with a different approach. The Blue 
version has molecular biology as an approach, 
the Yellow, a cellular approach and the Green, 
an ecological approach The Yellow version 
materials were selected by the National 
Council of Educational Research and 
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Training for reprinting in India. These 
materials were used for the Summer 
Institutes in biology for the past tlucc 
years. 

In keeping abreast of world developments 
in science education, a number of Philippine 
educators and scientists investigated the 
BSCS approach to the teaching of biology. 
The Committee decided to adapt the Green 
version because of the availability of flora anti 
fauna all round the year in the Philippines. 
The Adaptation Committee has published 
Biology for Philippine High Schools; The 
Relationships of living Things, which is the first 
biology book for secondary schools in the 
Philippines. It is claimed by the Committee 
that the vocabulary has been altered, subjects 
of special interest to Philippines added, and 
- Philippine and Asian examples used when¬ 
ever possible 

While the chapter headings arc the same 
both in the BSCS Green version and the 
Philippine book, the matter is suitably and 
admirably adapted according to the conditions 
in Philippines. Thus in the first chapter 
‘The Web of Life’, the topic ‘Rabbits and 
Raspernes’ is replaced by ‘Rice-birds and 
Rice-plants’. The latter topic is very appro¬ 
priate for the Far East where rice is the main 
crop, and the rice-bird is also common in 
the rice-fields of the Philippines. The 
figures have also been suitably modified. 
Wherever sufficient local material was not 
available the text and examples in the original 
are retained. This is die case where an 
original indigenous example could not be 
cited for the study on the effects of isolation 
upon speciation (Chapter 17). 

From this distance one cannot say how far 
this adaptation has satisfied the needs of 
the biology teachers and students in Philip¬ 


pines. The BSCS is actively encouraging 
other countues to adapt the materials p re . 
paied by them, While adaptations can be 
useful, they cannot exclude or be superior to 
any original material prepared by competent 
persons in the country where this is to be 
used. 

While adaptation seems to be good the 
half-lone reproductions* arc poor. The print 
impression of text matter ts not uniform on all 
pages and even on the same page. 

Pan I of the Teacher’s Guide states the 
general philosophy of the BSCS and the 
point of view that is developed in the booh 
under review. Part II discusses the Labora¬ 
tory Section of the course with specific 
suggestions for its use. Pan III indudes 
appendices which contain some general pro¬ 
cedures of value to biology teachers and lists 
of reference materials, equipment and 
supplies. Thus the Teacher’s Guide contains 
lot of useful material like instructions, recipes 
for solutions and stains and other matters 
like the specimens to be studied in the 
laboratory. 

On the whole this is a good attempt at 
adaptation of a material carefully prepared in 
another country at great expense, This may 
be taken as an example for 0titers who intend 
to adapt one of the versions. 

S. DORAISWMI 

Biochemistry—An Introduction. ByP.H 
Jixunak. Holt, Rinehart and Winston Inc. 
New York. 1963. pp. 308. 

THIS is an excellent introductory book® 
the subject of biochemistry for those win 
are out specializing in this field. T® 
importance of this subject as a border 1® 
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science requires no emphasis and to the ordi¬ 
nary science graduate it xs vitally important 
to know this rapidly advancing branch of 
science. 

The book explains in a comparatively 
simple language the main biochemical con¬ 
cepts and the modern analytical methods. 
After introducing the reader to the living cell 
and metabolism of the body, the methodo¬ 
logy of biochemical studies is given, familiaris¬ 
ing the reader with the modern techniques. 
The physico-chemical principles are made 
clear. The chemical nature of enzymes, 
nucleic acids, photosynthesis, and metabolism 
of proteins, carbohydrates with special stress 
on glucose have been developed lucidly 
The role of RNA in protein synthesis and 
the functions of DNA in the mechanism of 
heredity have been described. A descriptive 
account of hormones and vitamins with 
special reference to their lole in human 
metabolism is given without any emphasis 
on the chemical structure and synthesis, 
which are normally dealt adequately in 
standard chemistry books. 

The book will be of interest to science 
teachers and undergraduate students in 
science, home science, agricultural bacterio¬ 
logy and pharmacology 

There is a useful bibliography at the end. 

N. K. SANYAL 


The Development of Modern Chemistry, 
By Aaron Ihde. Harper & Row, 
New York. 1964. pp. 851. 

JN this volume Prof. Ihde presents the 
phenomenal growth of chemistry as a 
science from the ancient to the modern times. 


The flow of historical events has been 
described by giving accounts of individuals 
and institutions who have influenced the 
development of the main ideas. It has been 
shown that not only alchemy, but medicine 
and technological arts were the precursors of 
modern chemistry. The volume abounds in 
figures and portraits of chemists ancient, 
mediaeval and modern, mostly repr oductions 
from original sources. 

The book is divided into four major parts 
Part I deals with the foundations of chemistry, 
alchemy, medicine and technology of the 
ancient times with a heritage of speculative 
concepts which gradually gave way to the 
empirical concepts based on the experimental 
work m pneumatic chemistry. 

Part II deals with the period of fundamental 
theories from the middle of the eighteenth to 
the first quarter of the nineteenth century. 
This period saw the rise of new chemistry, 
by the death blow on the phlogiston theory 
and the rise of analytical chemistry. The 
study of gases leading to the atomic 
theory, discovery of chemical electricity, 
knowledge of organic compounds and dis¬ 
covery of many new elements gave the 
science of chemistry a set of fundamental 
concepts and the periodic classification which 
form the base of modern chemistry. The 
vast accumulation of knowledge gave rise to 
many unsolved problems. 

Part III of the book describes the period of 
specialization from whence chemistry started 
developing in inorganic, organic, physical, 
biological and analytical branches, This period 
also saw the rise of chemical industries and 
their impact on our daily life and economy. 

Part IV deals with the century of the 
electron—the development of chemistry in 
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the twentieth ccntuiy. I'he limuanons ol 
the Daltonian concept ol the atom, the 
electric dischaige tn gases and the pheno¬ 
menon of tadioactivity contilbuted to the 
modern structuie of the atom leading to 
artificial radioactivity, undent fission and 
fusion, transmutation of elements and e\- 
ploitation of nuclctu eneLgy Thete was a 
gieat extension of the knowledge of tlieimo- 
dynamics, chemical kinetics and chemical 
bonding giving new concepts of iiLom- 
molecular sttuctuie New techniques ol 
mstiumental analysis opened new vistas ot 
research in organic, moigamc and tuo- 
chemisuy The phenomenal growth of 
industrial chemistry in various blanches 


is descilhcd m indicate the icvolutlonary 
changes u has tuouglu in daily life 

The loin appendices at the end g| VC 
a iinie-chaiI loi the discmeiy ol elements 
disctneiy ol tadio-acine lsmopes, ladioactive 
decay senes and a list ol Nobel Prhe 
wmneis m dicnnstn, physics and medicine 

ICSpLCLlVelt . 

'1 heie is an extensive hibhogiaplucal notes, 
chapierwise, ol about fly pages covenng 
oiiginal souices, uincal studies, reviews and 
compilations. I his will he helpful to the 
icadci who wishes to pursue the topic 
lurthei 

N K SANYAL 


Science And Culture 

'Science and Cultuie’ helps one to keep nbtcasi of iIil .uh.iiuunenls ol science imd . 
technology in India and how science is being applied in tins unintis to the seivicc of our 
people Every issue of the journal has, as its rcgul.u fc.nuic 

(I) An Editorial dealing with pioblems whole suoiilc impinges on natural and inter¬ 
national questions of topical mteicst Irani the scientific view-point, 

(II) Articles wtitten in populat or semi-populai language on scientilie sub|cets by compe¬ 
tent workers in these fields, 

(ni) Notes and News containing notices and news ol scientilie mteicst ol the would and 
particularly of India, 

(iv) Letters to the editors giving prompt publication to the communication ot results of 
scienufic investigations. Many of these communications have .unacted the attention 
of scientists specializing in the subjects outside India, and 

(v) Book Reviews. 

‘Science and Cultuie’ is a leading scientific monthly ol India and is subscribed to all 
over the world by colleges, universities, technical libraries, icscardi laboi.itoucs, government 
scienufic departments and the intelligentsia Annual subscription is Us 1 1 00 (Inland), 
£1-0-0. or $4.00 (Foreign). 

Write to the Secretary, Indian Science News Association, l >2, Acharya Prafulla 
Chandra Road, Calcutta-9. 
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Improvement of School Mathematics In India 

J. R. Kapur 

Indian Institute of Technology, Kanpur 


A icvolution in school mathematics 
staited in the U.S'.A. about ten years 
ago when a number of groups includ¬ 
ing the School Mathematics Study 
Group and the University of Illinois 
Committee on School Mathematics 
started woiking suppoiti'd by huge 
Funds from the National Science Founda¬ 
tion and othei souices. Very soon cpiite 
a nunibei of school mathematics 
gioups were active' in writing textbooks, 
teaching these m schools and m miprm- 
mg the books with the feed-back 
leceived from the actual use of these 
in schools, 

The i evolution soon reached Km ope 
where the Oigamzaluin for Keono- 
mic Cooperation and Development 
(O.E.C D.) took the lead. A number of 
conferences weie held and their pro¬ 
ceedings ( Nac Thinking in Mathema¬ 
tics (1961), Synopsis of Modern Second¬ 
ary School Mathematics (19(52) and 
Mathematics To-day (1961), were 
brought out. Inspired by this effort, 
many Euiopean countries like the. U.K.. 
Geimany and Belgium began preparing 
textbooks on new lines, These countries 
have made notable contributions to 
school mathematics, 

This revolutionary movement reached 
India about two yeais ago and the 
following are the insults so far 

(0 In 1963 a Summer Institute in 


mathematics for school teachers 
was held at Delhi. This was 
followed by four summer insti¬ 
tutes in 1964 and by sixteen in 
1965. In these summer institu¬ 
tes about one thousand school 
teacheis and one hundred col¬ 
lege and university teachers 
paiticipated. S.M S.G. books 
weie used in these institutes 
and about forty American con¬ 
sultants who had used these 
hooks earlier also attended. 

(li) A Mathematics Textbook Panel 
for writing books for classes I 
to XI has been appointed by 
the NaU o n a 1 Council of 
Educational Research & Train¬ 
ing, Textbooks prepared by 
this panel aie expected to be 
ready during the course of this 
year. 

The piesent aitide may be regaided 
as a continuation of ‘Revolution in 
Secondary' School Mathematics’ pub¬ 
lished in School Science (1964). 

A Professional Organization of 

Mathematics Teachers 

Such an oigunization can accelerate 
the pace of the revolution, by bringing 
together all the teachers who have come 
in contact with modern mathematics, 
by providing a forum for the discussion 
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of problems ol mathematics education, 
by piesmtuig government, patents and 
educational udnnmstiatois with the 
views of toadieis, ami by go, ing 
te.icheis a .sense of ninl\ m a eomnion 
endeavour. Such an association was 
framed at the Simla Smnmoi Institute 
of lt)51, but does not seem to have 
been acini*. Some enthu.sinstie teaeheis 
in Madias have been trying to per¬ 
suade the Indian Mathematical Society 
to form a School Teaeheis Wing, but 
they have not .succeeded so fai. 
Another group of enthusiastic teaeheis 
at Lucknow framed the Lucknow Ma¬ 
thematical Association and oiganr/ed a 
com so of lcctmes on modem school 
mathematics. Tin's cm use was attended 
by a huge, number of school teachers 
fiom the region, Smnlai seminais fm 
school teaeheis of Delhi had been 
organized in 1960 and 1961 by the 
Mathematics Seminar of Delhi Unfvei- 
sity, 

The impoitance of an All-India wga- 
nization with branches in all the states 
cannoL be over-emphasized in a demo¬ 
cratic country like ours. It is hoped 
that such an organization will soon be 
set up and that at least all those 
school teaeheis, who have participated 
in the summer institutes will soon join 
it The government can encourage the 
formation of such an organization liy 
giving it libeial giants and by encoura¬ 
ging all past and fuliue paiticipanls in 
summer institutes to join, 

The bleed for a Mathematics Education 

Journal 

At piesent tlieie is only one journal, 
namely The Mathematics Student pub¬ 


lished In the Indian Mathematical 
Sntieti, uInch tries to meet this need 
but it liaullv pmvidcs twenty or thirty 
p.agi s m the seal which may be of 
am interest to school teachers. Another 
muga/mr The Mathematics Teacher 
stalled ieeentlv bom Madias, is trying 
to meet the needs of lower secondary 
.school teachers. The need for SU cli a 

Journal dealing with mathematics edu¬ 
cation cannot he questioned In f ac t 
most of the pai ticipants at Summei 
Institutes whom the author has met have 
asked him to suggest an Indian journal 
to which they oi their school libraries 
could I'ontuluite IL is hoped that the 
Indian Mathematical Society, the Na¬ 
tional (a nmol of Kelt motional Research 
and Training, the vaiious education 
depaiInicnls and teaeheis will give the 
Society sufficient snppoit to enable the 
)«-in nul to make an effective contribution 
to sc bool nmtlieinatie.s. 

The \'ecd for New Indian Tcxthooh 

fin Sc hauls 

The- national panel is doing its best, 
but the piogu-ss is slow Its membeis 
an- busy pei.sons and can give only a 
fraction of tlieii lime to this important 
pieiject. The wenk icquhes the full- 
time attention of some mathematicians 
and the- government should persuade at 
least six to nuclei take the work on a 
full lime- basis. Some of the school 
tc-ui'hc-r.s who have pinlicipatcd in the 
summer institutes should also be asso 
cialeil with this nuclei Inking. 

Study of Foreign Mathematics Projects 

At least a dozen different sets of good 
textbooks have been produced by 
mathematics teaching projects in die 
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minus countiies. Il is highly desiiahh* 
t|,at wo benefit fioin tlu* tliinkinu; that 

has gone into the willing ot these text- 
hooks. At piescnt the S.M.S.Ch set of 
books IS the only set s\ Inch lias been 
studied in some extent in our emmtrv 
These books au* c.u client, hut they can¬ 
not he adopted m mu country f«'i 
obvious icasoiis. Even in the I'.S A 
these books have* not been univei.sally 
accepted, them thev me Imnt! out 
different sets of books m diflmenl 
schools. Mathematicians have not vet 
reached a finality in tlieir mathematics 
prog]ammes and it ss'ill he liannfnl fur 
us to adopt what they themsehes 
regaid as tentative. Some of the Ihi- 
tisli and continental hooks, hoxsevei, 
develop ideas which aie more suitable 
foi mtr eounlrv. It is obvious that we 
should take the best J'lom evens ss here 
and adapt it to our needs, h’oi this, 
intensive study ot all the thfleient 
textbooks will h<! neeessaiy, this will 
have to he undertaken by a number 
of gicaps Such groups should lv* 
fonned and a gieat academic debate 
should he encouraged among these 
gioups. 

Clarity about Futtuo Syllabi 

A good deal of thinking has to he 
done before, wc decide about our future 
syllabi. We have to decide carefully as 
to what topics’ have to he deleted 
hom our existing syllabi and what new 
topics have to hi* added and also in 
which topics the emphasis has to he 
changed. Simply saying ‘we must 
change,’ leads us nowhere. Wo may re- 
membei that Russia is changing vciy 
slowly and yet she is doing quite well 
in mathematics. We must keep the needs 


of uimeisity and iesoaicli mathematics 
m \ lew, hut we must also keep in view 
tlie needs of the consumers of rnatlre- 
iii. dies, x 1 / , physical and social scientists, 
biologists, engineers and business mana- 
‘leis \\ <> must make oni piesentation 
ahstiaet. hut not too abstract. Tlie sub- 
l''el must he undeistandable to the 
child and he must he able to enjoy it; 
at tlie .same time, contact with applica¬ 
tions should not he given up. Most 
people in oui countiy have vciy hazy 
ii uicepts about the changes and it is 
beltci to think, discuss, aiguc and svait 
i.ither than introduce ill-conccivcd and 
ill-designed syllabi, 

Adct/nalv Preparation by Teachers for 

the Nru Ft ogrammes 

Attendance at one summer institute 
does not necessarily entitle a teacher to 
teach aeeoidiug to the new progiamme. 
Much deepei thinking and involve¬ 
ment aie icfpiiied, Those teachers 
who may he called upon to under¬ 
take this new* teaching should be given 
miieli mein* intensive training, and even 
after that they' should be constantly 
helped by more competent persons dur¬ 
ing tlie com so of the fiist or second year 
of their teaching. 

Experiments in Mathematics Education 

At present sve have huge examination 
1 mauls’ in tlie various states, which 
examine sometimes lakhs of students at 
a lime, fl is impossible to introduce new 
syllabi in such boards, as satisfactory 
ari alignments for teaching tlie large 
number of students involved are impos¬ 
sible. It is' suggested that in each state 
separate examination boards be formed 
in each univeisity to war, e.g., in the 
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Uttar Pradesh xvenirdarv school ho,mis 
mas In- I mined fm Agra. Mlahabad. 
Kanpur, I.uchiinw, Y.uuiuim, Aligarh and 
fatraklipur ulus The present I' 1*. 
board can continue fm the rest of the 
state. Tliese new hoards may he nndei 
the academic rontuil of tlie rmrespond- 
jm» universities Each university m;i\ 
«et up a school mathematics study group 
to train the teaelieis of the city fur a 
year and may then introduce new 
syllabi decoding to textbooks that 
may be piepaiecl by a panel common 
to all the universities. The university 
teachers can act as consultants for the 
first two or three years for tliese courses 
Similar study groups in other subjects 
like physics, chemistry, biology, history 
etc, can be formed in each centre. 
Tliese groups should be financed by the 
centre. Similar boards can be created 
at all the university centres in all the 
states. 

The Delhi Stale alieady has a board 
of Secondary' Education. It has a board 
of qualified school teachers and in 
Dell)? University there are mathemati¬ 
cians who have, taken interest in school 
mathematics. An integrated programme 
for improvement of school mathematics 
can be immediately undertaken in 
Delhi State. 

Publicising the Need for Change 

All programmes for improvement of 
mathematics education will require 
vast funds and the tax-payer must be 
convinced that improvements in mathe¬ 
matics are of vital intciest to the deve¬ 
lopment of physical and social sciences 
and of our technology. Paients must 
be convinced that mathematics has 


made revolutionary advances and a , 
su< h their ehildicn have to study a 

Upe of mathematics different from the 
‘■ne they themselves learnt Education- 
•d administrators like Principals and 
Directors of Education have to be con- 
' meed <f Hie necessity of woiking for 
a smooth transition. Among school 
teachers enthusiasm has to be aroused 
about the new programmes, for-without 
their whole-hearted co-operation no 
reforms can succeed. Univeisity teach 
eis base to be persuaded to put aside 
part oi their time, for research m tlie 
interest of schools so that ultimately 
they themselves may get better students 
than they do today, Thus large-scale 
publicity on a number of fronts is an 
immediate necessity. 

ihiitu ipatwn of Cniwrsity Teachers 

in the New Programmes 

I he need for change in school matlre 
undies has arisen mainly because of the 
exponential growth of mathematics, 
Only those who are at the rapidly 
advancing frontiers of knowledge is 
pure and applied mathematics can say 
what topics in school mathematics haw 
become useless and what new topics 
and concepts are assuming greater 
importance for the further development 
of mathematics and science. University 
teaelieis are more likely to have such 
a broad perspective than school lead 
eis, but this is not necessarily true for 
all college, and university teacher; 
Most of them know only the mathe¬ 
matics which they had learnt in tlteii 
college days and that mathematics mi! 
be eighteenth or early nineteenth cen 
truy mathematics. Even those who mi! 
have done good research work in their 
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minow special fields mu)' be hopele.ss- 
? |y ou t of touch with modern dcvrlop- 
ments in puic and applied mathematics. 
Mere seniority w university sen ice may 
not qualify a poison to contribute to 
school mathematics. A great deal of 
reading and thinking has to be done 
even by univeisity teueheis bctoie 
they can make an ellcctive coutulm- 
tion to school rmUhcinatics, but it is 
obvious that it they give, even some 
pait of then time to school mathema¬ 
tics, they can make a very' useful 
contiibution. 

Specialized Courses in I'niocmtics for 
Future Mathematics Teachers 

At present we teach the same 
mathematics to all students at the 
undergiaduato level, mespeetive of 
whethei they want to become researeheis 
in puie and applied mathematics 
01 engineeis and scientists or school 
teachers Foi those intending to be¬ 
come teachers m secondary schools, 
an M.A. coui.se of dilleicnt content can 
be designed. Some of the topics in the 
existing M A. com sc, which have no ap¬ 
preciable impact on school mathe¬ 
matics can he diopped and some 
otheis like set theory m odcrn 
algebia, foundations of Geometry, 
non-Euclidcan Geometries, mathe¬ 
matical logic, social and industrial 
applications of mathematics and pro¬ 
bability and statistics can be given 
in uch greater importance. At least one 
01 two special papeis dealing with such 
topics can be introduced immediately. 

Research in Mathematics Education 
Tackling problems of mathematics 


education may icquiie as much oiigi- 
nality and creativity as tackling pro¬ 
blems m any bianch of the subject 
itseli and as such mathematics educa¬ 
tion should be recognized as a lespec- 
lable field foi leseaich in mathematics 

An Alternative. Syllabus in Mathematics 

A tentative alternative syllabus in 
mathematics for secondaiy schools may 
be immediately diawn up. The various 
boaids should he peisuaded to accept 
tins alternative syllabus, Both the exist¬ 
ing syllabus and the new syllabus may 
exist side by side and those schools 
w Inch may want to opt for the new 
syllabus may be encouiaged to do so. 
Only those tcacheis who have been 
liained in the summci institutes and 
who pass a specially designed qualify¬ 
ing examination may be permited to 
leach this now syllabus. In course of 
I line moie and inoie schools are expect¬ 
ed to offer the new syllabus and thus a 
smooth transition may come about. 

Recognition and Reward to Teachers 

who Teach New Syllabus 

Tcacheis teaching the new course will 
have to prut in much harder work than 
those teaching routine courses. They 
must therefore he given some facilities, 
e.g., one period of the new syllabus 
may bo recognized as equivalent to two 
periods of the old syllabus, These 
teachers may also he given facilities to 
participate in conferences and seminars 
to discuss the implications of the new 
syllabus. In addition, monetary rewards 
in the form of special increments may 
be, given to all those who pass the qua¬ 
lifying examination and who undertake 
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the leaching of the new sUkibus. Pro¬ 
fessional recognition of the pinnming 
work done by the teacheis must also be 
encomagcil. A suitable' system of 
incentives foi spreading tlie new sylla¬ 
bus should be woikod out and imple¬ 
mented 

Mora Rigorous, Axiomatic, Logical and 

Ahstuict Representation of the Sub¬ 
ject 

Mathematics is a dynamic intellectual 
enterprise in which abstraction, gene¬ 
ralization, logic, axiomatic method, con¬ 
sistency, etc, play an important pait. 
The teaching of mathematics should in¬ 
clude the teaching of the mathematical 
habit of thinking. One of the ciiteria 
for choosing topics for schools should 
be to see whether these topics and the 
methods of piescnting them demon¬ 
strate the spirit of mathematics. Thus 
Euclidean geometry as taught today is 
not strictly logical and its teaching has 
to be modified, The axiomatic method 
of presenting algebiaic structures is not 
ns-ed, this must be explicitly hi ought 
out. Concepts must be given greater 
importance than mechanical drill. A 
student must not only know the algo¬ 
rithms for finding H.C.F., L C.M., 
squaio root etc., but be must also know 
the why and wherefor of these algo¬ 
rithms. A mathematician is not just a 
technician, he is a scientist as well. 

Contact of School Mathematics uAlh 

Realistic Applications 

Mathematics has always derived its 
greatest strength from applications. 
Even at the school stage these applica¬ 
tions should be taught. Subjects like 
the mathematics of finance, algebraic 


economic models, simple inventory 
models, lineal pi og L an lining, mensura¬ 
tion, piobability and statistics, etc. 
should be taught, Gi eater use of mathe- 
m.itiis in comses of physics should be 
eneomaged and for this, topics lilcevec- 
tois may he included. The student 
should develop the faith that mathema¬ 
tics can help m solving all types of pi 0 . 
bluns m physical, biological and social 
sciences and in industry and techno¬ 
logy 

Cieatinu Enthusiasm Among Students 

.Some of the teacheis trained in the 
summer institutes have already started 
teaching S M.S G books to some of their 
brilliant students, even when these 
books ate not part of the prescribed 
emnso and tin* response of the students 
has been vciy encouraging. Such in¬ 
stances of initiative! on the part of the 
teacheis me most welcome and should 
be encouraged. In any new programme, 
tin' co-operation of the students is most 
welcome. The students must feel that 
they arc pionceis, at least they should 
not feel that they are guinea-pigs. 

Mathematics Clubs in Schools 

These clubs can oiganize debates, 
discussions and exhibitions. They can 
eeli'buUc the birth anniversaries of 
gieat mathematicians. A certain high 
school in Madias has been organizing 
an exhibition for a number of years and 
a great deal of enthusiasm has been 
generated among the students of that 
school. Mathematics provides a large 
number of games and puzzles which 
stimulate thinking and illustrate mathe¬ 
matical principles. 
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Impressive Dynamism oj Mathematics 

Tlieie is a widespiend feeling even 
among educated classes that inatliemu- 
y cs is static and that no new woitli- 
wliile resea >ch is going on m the sub¬ 
ject, This feeling is stiengtlicncd by 
the fact that our sjllabi m schools and 
dcgicc classes have not changed sub¬ 
stantially during the last fifty years. 
The fact that mathematics is dynamic 
and doubles itself every eight or ten 
yeais is not sufficiently appreciated by 
the public, by the teaclieis of mathe¬ 
matics and by the students This fact 
of dynamism lias to be given abundant 
publicity so that bright students aie at¬ 
tracted to mathematics 

Athaciin g Blight Students in Mathe¬ 
matics 

Foi first late science and technology, 
fiist into mathematics is essential and 
foi first Kile mathematics, fiist late 
minds aic essential. Unfortunately at 
present the best students aie not being 
attiacted to mathematics. Not more 
Ilian five pei cent of the students select¬ 
ed in the Science Talent Search Scheme 
offei mathematics in their degree classes. 
This is unlike the situation in the 
U.S.A. and the U.S.S.R. where the best 
students aie going m for mathematics. 
Active steps have to be taken for icmcdy- 
ing tins stato of affaiis. Employment 
opportunities foi mathematicians are 
not inadequate even today, but more 
oppoilunilies aie likely to arise as in- 
dusliy develops. Computer develop¬ 
ment is likely to be another good 
source The Council of Scientific and 
Industrial Research is spending not even 
one per cent of its budget for research 
m mathematics. Its expenditure on re¬ 


search in mathematics and mathemati¬ 
cal sciences must increase rapidly. The 
siope foi making scientific contributions 
of the highest oiclci in mathematics 
should bo well publicized. Applications 
of mathematics in the vaiious fields of 
science and technology must also be 
published The government must pro¬ 
vide adequate seholai ships in mathema¬ 
tics at the uudcigradualc and M Sc. 
stages. 

Organizing Competitions in Mathema¬ 
tics 

In (lie U.S.S R and East European 
c.nuitnes, mathematical 'Olympics’ have 
played an important pari in discovering 
mathematical talent and encouraging it. 
In tlu i U.S.A. too, national competitions 
are scivmg a useful purpose, Competi¬ 
tions should bo arranged at different 
levels. Stalling with competitions at 
small lcgumul levels, one can go on 
making successive selections and finally 
uruuigc a competition at the national 
level. These competitions can supple¬ 
ment the existing Science Talent Seaich 
Scheme. In any case the latter is not 
solving as usciul a purpose for mathe¬ 
matics as the mathematics Olympics 
would do. 

Encouraging Cicatwity in Mathematics 

^/Mathematics education in our country 
has come to be identified with a 
mechanical solution of problems. The 
aim of education however is not just 
acquiiing knowledge. It is to lead to 
creativity on the pail of the learners. 
To achieve cieativity, problems 
with varying degrees of difficulty 
have to be designed by die teachers. 
Encouragement of self-study by the 
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students is very important. The stu¬ 
dent should not only know, but he 
should be able to apply and to create. 
Examinations should be intended not 
only to know what the student knows, 
but to know what he can create 
Students' have to he inspiied to inven¬ 
tive ideas. Writing a good syllabus 
is not enough, We should have teachers 
who are themselves interested in 
creating and in inspiring Iheir students 
to create. 

Sequential Summer Institutes 

Wo should have more summer 
institutes. Those teachers who do 
well in summer institutes should be 
invited to join a sequential summer 
institute the following year where then 
training should be fui tiler strengthen¬ 
ed. Those who can complete three 
sequential summei institutes should be 
given a diploma and entitled to tench 
the new courses. They should also be 
entitled to piomotion. During the 
next two or three years our effoit 
should be to produce about five thou¬ 
sand teachers who can teach the new 
ideas to about two lakhs of students. 

Correspondence Courses for Teachers 

Summer Institutes tend to be ex¬ 
pensive and we may not be able to 
afford to train all our teachers this ex¬ 
pensive way. Correspondence courses 
might provide a cheaper and a mass- 
scale medium for improving the com¬ 
petence of teachers. To encourage 
teachers to join correspondence courses, 
these courses should be free and those 
who complete these satisfactorily 
should be entitled to increments which 
should be financed by the central go¬ 


vernment Correspondence courses 
can also seive in the follow-up p ro . 
grammes for the summei institutes 
Tcacheis who have attended summei 
institutes can continue to receive les- 
sens through con espondenee foi the 
rest of llie year Alternatively on ly 
those who show promise in corres¬ 
pondence coutscs should be invited to 
join the summer institutes. 

Regional Seminars of Summer Institu¬ 
tes Participants 

We may organize in the month 
of December 01 during Dussehra 
holidays, three-day seminars of all 
those who have participated in the 
summer institutes. Thus we may 
oigani/.e about twenty such seminais 
this yeai with about fifty paiticipants 
in each. Each participant can join 
the semimu nearest to his home. In 
these seminars, teacheis should be en- 
eouraged to discuss problems of teach¬ 
ing algebra, geomeliy, trigonometry 
etc. They inay be requested to submit 
written papers in advance for the 
seminar. 

Revision of Syllabi for Competitive 

Examinations 

Many schools may be inhibited from 
introducing the new syllabus as they 
may not like their students to suffer in 
competitive examinations like the admis¬ 
sion test lor the National Defence 
Academy. Noimally students are not 
expected to suffer, as with the new 
training, they are expected to do better 
even in the classical type of papers, 
flowevei, to remove any fears, the 
U.P S C. may be requested to provide 
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foi some optional questions bearing on 
the new syllabi. 

yj Flue-Year Flan for School Mathe¬ 
matics 

The implementation oi tin* above 
suggestions should elicit substantial 
impiovements in school mathematics, 
but all .these suggestions and others 
that may be forthcoming sliould be in- 
tegiated into a Five Year Plan which 
should have quantitative targets, winch 


should he lealistic, and for which 
icusoiiuhle le.sources should be made 
.nailable by eential and stale govern¬ 
ments There are bound to he adminis- 
ti.itive 1 Kittle-necks, the plan should 
anticipate these and provide for them. 
\ .sufficient number of qualified mathe¬ 
maticians to implement all the schemes 
may not be available. The, plan should 
take mlo account this also, The prepara¬ 
tion of sucli an ovciall scheme is not 
being attempted here, as it is certainly 
bevond the resources of an individual. 
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Ranger VIII’s Moon Pictures 

R. A. Lyttlelon and Peter Stubbs 


P RELIMINARY examination of the 
available small fraction of the 
7000-odd excellent television pictures 
obtained with the cameras on board the 
Ranger VIII lunar spacecraft shows a 
number of interesting features not ap¬ 
parent either through a telescope or 
on the earlier pictures won by Ranger 
VII, Although the definition appeals 
to be at least as good as that on most 
of the previous Ranger pictures, the 
contrast as sharp, and the terrain cove¬ 
red by successive frames more varied, 
one must nevertheless emphasise at the 
outset that even when all the data have 
been analysed in a detailed way, it is 
unlikely that visual aspects alone can 
solve the overriding question of tire 
nature of the Moon’s surface. Because 
of widely differing views, it is some¬ 
thing about which the scientists must 
be absolutely certain before they com¬ 
mit humans to manned-landing at¬ 
tempts And it seems probable that 
this information can only come from 
soft-landing appropriate instruments on 
the Moon as is, indeed, being planned 
by the US National Aeronautics and 
Space Administration in its Surveyor 
programme. The first of four Surve¬ 
yor spacecraft is scheduled for launch¬ 
ing either late this year or early next 
year. 

Essentially there are two main hypo¬ 


theses about what the Moon's surface 
is made of. One supposes that the 
Moon has never been molten at all and 
is compounded of cold dust, probably 
compacted to some degiee over parts of 
the sin face —and certainly compacted 
by pressure below some indeterminate 
depth —but conceivably veiy loose over 
the Moon’s large daik areas, the maria. 
The alternative hypothesis is that vol¬ 
canic activity on the Moon is as wide¬ 
spread as it is on the Ear.th. On this 
llieoiy, the maria may possibly be huge 
'seas’ of solidified daik lava. 

Before discussing the latest batch oi 
Banger pictures let us pause and con- 
sidei the features that are apparent 
from telescopic observations of the 
Moon, The most obvious characteris¬ 
tic is the multitude of craters of all 
sizes, all remaikably circular in out¬ 
line. They spatter the more rugged 
'highlands’ of the Moon, but over the 
daik, flat maria they seem to be much 
more sparsely distributed, a fact that 
can be interpreted in a reasonable 
fashion only by assuming drat they 
must have been filled in or covered 
ovei subsequent to their formation. 
One view, again, claims that the seas 
and craters in them have been inun¬ 
dated with lava; the other, that they 
have been effaced by layers of dust, 
We must remember that it is these 


Reprinted from New Scientist 25(432) February 1965 with kind permission of the editor 
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areas that have luca advocated us 
probably the must .suitable mi which 
to land a manned cruft. 

But what of the craters thenisehes? 
Extreme exponents ni the vulranologh 
cal viewpoint would like them to bn 
the craters of volcanoes. They cer¬ 
tainly contain small central peaks m 
many cases', though many of the struc¬ 
tures typically associated with torres- 
tiial volcanoes are absent. Ihit the 
most reasonable theory* is that they arc 
produced by the impact of meteorites. 
There is no doubt that one would ex¬ 
pect such featmes to persist on the. 
Moon from distant geological times be¬ 
cause of the deal cut absence of the. 
strong tectonic, and eiosional process¬ 
es that charaoten.se the Karth’s surface. 
The carters, however, have one. very 
mmkccl general featuu—they are wide 
and shallow. The larger ones arc pro¬ 
portionately shallower than the small 
ones in wliieh the depth may he about 
as great as the diameter. From the 
sizes of many of them it is certain that 
the impacting objects that caused them 
weie at least of an order of magnitude 
smaller in diameter than the resulting 
craters. 

Ten years ago a closely reasoned 
argument was put forward by Thomas 
Gold, now professor at Cornell Univer¬ 
sity, New York (Monthly Notices of the 
Royal Astronomical Sovietij 1955, Vol. 
115, p. 585) for behoving that the crat¬ 
ers are the result of explosions, The 
Earth, and the Moon with it, is travel¬ 
ling through space at a velocity of 
around 70,000 miles per hour. Meteo¬ 
rites striking the Moon will come in at 
similar- speeds and, it can be. argued that 


they must produce local tempciatures of 
several million degrees. Befoie tho 
missile gets ton deep down in the 
Moon's sin face layers it will have va¬ 
porised the colliding lunar material and 
itself so nipidly that a violent explosion 
will occur. Because this oIFecl hap¬ 
pens comparatively near to the surface 
the explosion excavates a typically shal¬ 
low eiater. For the larger impacts 
some of the energy is even directed 
downwards to begin with at fairly flat 
angles from the point of the. explosion, 
resulting m a residual central peak. 

Such ieatuies are not always observ¬ 
ed with man-made explosions because 
these me not usually big enough, but 
some of tire nucleur-test-ciaters produc¬ 
ed in the Nevada desert do show close¬ 
ly similar characteristics. If the lunar 
crateis aie produced in this fashion- 
arid the explanation also accounts for 
the other salient features which they 
display — the material blasted out of 
them must have gone somewhere. Most 
of it will piobably have a high enough 
velocity to escape from the Moon. But 
the remainder may form secondary cra¬ 
ters at large, distances from the original 
point of impact. 

On large-scale lunar photogiaphs 
older craters show signs of erosion— 
their rims are broken and blunted, and 
lower than those of newer craters. In¬ 
filling occurs in all degrees. Some cra¬ 
ters have simply become flat-bottomed 
with Ilnur central peaks invisible; other 
have only a low projecting runlet; 
while in extreme eases in the maria one 
can only see a faint white line or the 
partial circular outline of a former cra¬ 
ter. According to Gold they have 
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simply been buried in dust resulting 
fiom erosion If so, then the burial in 
the maria is piobably much gieatei 
than on the high {pound of the Moon 
for it is in the maria that nine vestiges 
of former craters are most commonly 
hnmd. The highlands, conversely, may 
well have been stripped of most of the 
uncompacted dust, remembering of 
course that there is no atmosphere and 
there can be no wind on the Moon, and 
that some other process has to be evoked 
to explain the movement of dust, 

Measurements of photographs show 
conclusively that the rims of tire larger 
erateis are frequently thousands of foot 


above the sui rounding plarn and their 
floors extend to even greater depths be¬ 
low it It follows that in the maria 
theic is a very real possibility that the 
dust may be seveial thousand feet deep. 
The point really in question is to decide 
at what depth this dust becomes suffi¬ 
ciently compacted to bear the weight 
of instruments and men. Is it five inch¬ 
es, five feet, fifty feet, 500 feet or what? 
The answer is veiy difficult, if not im¬ 
possible to infci with certainty from 
surface photographs even using the 
sophisticated techniques embodied in 
Hanger. Theoretical arguments cannot 
give estimates of lunar surface condi¬ 
tions sufficiently reliable for manned 



Figure 1, The second, to last picture obtained by Hanger VIII 
from a height of 2400 feet, 0.4 seconds before im¬ 
pact. It represents an area 400 feet by 300 feet 
and the smallest craters visible are about five feet 
in diameter 
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Ficimn 2. The Mare TranquUlitatis from 5.7 miles up, Most craters 
have soft outlines indicating erosion and infilling. 
One, 200-300 feet across, is eoidently younger with 
a sharp rim and small central peak 


landings as there are loo many un¬ 
known factois The combination of a 
vacuum with the high temperature 
variation (about 300°C) and the un¬ 
diluted ultinviolet light from the Sun, 
may lesitlt in unusual processes, hut 
they arc very hard to test in a labora¬ 
tory. Factors' like these may also play 
a part in the emsional mechanisms. 

Gold’s arguments' have considerable 
weight. Crateis due to volcanic pro- 
cesses would be expected to have steep 
sides ascending to an elevated peak, it¬ 
self showing the characleiistic vent of a 


pressure-burst, as opposed to an explo¬ 
sion. Moreover, if the infillings are of 
a lava or perhaps, as Di. Gerard Kui- 
per suggests, a frothy kind of pumice, 
there is no reason why older craters 
should be the most extensively inun¬ 
dated. The creative ages of craters 
can he independently fixed by observ¬ 
ing that younger ones intersect older 
ones. Gold’s study shows that there is 
never a disparity between the relative 
ages determined m this way and those 
deteimined by the degree of infilling. 

A preliminary glance at Ranger 
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luGonr, 3. Photograph of ihc Moon showing ilia 
impact points Ranger VII and VIII 
and (dashed) the track of Ranger VII, 
(Ranger IX is to he ttimed at the 
Sinus Medii.) 


VIII’s pictures reveals nothing at vari¬ 
ance with Gold’s ideas. The second to 
last pictuie taken at2400feet (Figure 1) 
is a little blurred but it, and one taken 
rathei farther out at 5,1 miles (Figure 
2) of aieas in the so-called Mare Tran- 
quillitatis, have a general textuie very 
similar to that of the area (the Mare 
Cogmtum) into which Ranger VII 
plunged on July 31 last year. The 
Rang^i VIII photographs so far to 
hand, unlike one of the most interesting 
fiom the previous set, show no obvious 
signs of boulders leposing in the crater 
bottoms or elsewhere, The dust is thus 


piobablv deeper than the Iaigest fiag 
moots that may occur as a result oi 
metconte explosions. This fact mighl 
also indicate that the dust has little 
strength on the suifaee — after all, sane 
will support very large bouldeis. 

An interesting aspect of Figuie 2 i 
that it shows craters with roundec 
edges (much like the pictures obtainei 
by Ranger VII) in company with i 
much younger one with a shaip riir 
Ileie, suiely, is evidence of erosioi 
and infilling at work. The newe 
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cratei, about 150 to 2(K) fret across, 
also has a central peak. 

Unljke its predecessor which np- 
pioacliecl the Moon more nearly 
head on, Ranger VIII travelled across 
the surface a.s shown in Figure 1, 
which includes the well-known crater 
Delambic, 32 miles across. An inter¬ 
esting feature of this crater is tin* sug¬ 
gestion, that its inner walls show ol a 
layered structure. It is piobahle that 
heavily compacted dust may ha\e some 
kind of sedimentary shnetnre. Similar 
layers appear in .some of (lie larger crat¬ 
ers seen with a telescope and it is 
possible that the explosion lias folded 
back the layers to some* extent 

Figuie. 5, taken 50 miles aliose the 
Maie Tranquillitalis, icveals two lines 
of overlapping crateis Their linea¬ 
rity suggests a relationship between 


the objects responsible. In this case 
they may not he primary explosion 
craters but .secondary ones due to 
strings of ielated fragments from some 
much larger meteorific impact else¬ 
where on the Moon. 

'1 he two photographs in Figrues 6 
and 7. covering much the same aiea, 
ate the most interesting of this preli¬ 
minary hatch. Figure 6 taken from 
270 miles up shows the crater Sabine, 
on the .south-western edge of the Mare 
Tiarupnllitatix. This crater, and its 
twin (Figure 7) are each some 16-17 
miles in diameter. Running along the 
■.shoreline' art* two parallel linear fca- 
tuies which appear to show trans¬ 
verse en echelon dislocations at two 
or three points. In fact, they are 
visible on the best of the Mt Palomar 
telescopic photographs but in nothing 
like such fine detail. These giooves 



Figure i. (Left) The crater Delarnhrc near the edge of the Mare Tranqidlll- 
tatis situated on the Moon’s rugger/ highlands. The crater shows 
some indication of a layered structure. Picture ftotn 470 miles. 
Dcjamhrc is 32 miles in diameter 

I igure 5. (Right) Overlapping strings of craters in the Mare Tranquillitalis 
seen from a height of some SO miles, 45.6 seconds before imptact. 





196 


SUIOOI. Sf IEM'.Iv 



Ficiuhe 6, Part of the 16-mile wide crater Sabine cm the edge of 
the Mare TranquilUtalis and two parallel depressions 
each a mile or two wide which may he expansion 
rifts. Height 270 miles Four minutes before impact 


me rcmaikable tor their parallelism. 
They are of the order of a mile or 
two wide and suggest rifts of some 
kind, possibly caused by thermal ex¬ 
pansion of the Moon. Their seat of 
ongin could lie at a considerable 
depth below the dust. Alternatively 
they might Ire channels gouged out by 
debris from an explosion, but their 
shearing and close parallelism makes 
the former idea more likely. 

• 

In the south-western comer of Fig, 7 
there aie what appear to be two al¬ 
most completely effaced craters south 
of Sabine and its neighbour Ritter. 
Another cunous feature of Figures 6 


and 7 is the presence of at least four 
‘streaked-out’ waters. The remaik- 
able tiling about them is that, despite 
then lcmotenoss from each other, the 
streaking shows an obvious degree of 
paiellelism They do not look like 
chains of overlapping craters. It is 
possible Unit they again represent the 
result of a number of fragments from 
a common source elsewhere on the 
Moon, They almost have, the appear¬ 
ance of double ciliters’ connected by a 
channel. They may possibly result 
from a large impact far to the west, 

Neithei set of Ranger photographs 
shows signs of the bright hays’ that 
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characterise ciateis like Tycho and 
Copernicus and extend over large areas 
of the Moon’s Atirface This absences of 
evidence in near pictures - is consistent 
with other findings that the lays are 
only very snpeifilial 

Since the only haici parts of the 
Moon may turn out to he the walls 
of the well-cratered uplands - it would 
he interesting to know what they are 
like leally close-tn. Ranger IX, now 
expected to he launched in mid- 
March, is to he aimed at the Sinus 
Meddi a rugged area near the centre 


nf the Moon's disc. It may be that 
the dust is almost absent here and the 
lauding film. This possibility by no 
means yet lules out the flat regions of 
the maiia as potential landing sites, 
Knr a more positive answer we must wait 
ior results from Surveyor, Whatever 
emerges from close-up pictures it 
seems impossible to ascertain the 
ualme of the Moon’s surface until 
equipment has been actually landed 
on it. And this information is obvi¬ 
ously an essential pre-requisite to a 
manned lunar landing. 



I icuRii 7. The craters Sabine and Ritter from 151 milos. Two 
probable effaced craters can he seen in the south¬ 
western corner. On this picture and Figure 6 at least 
four curious “streaked out” craters can be made out 
all elongated along directions parallel to one another 
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F OR many centuries both scientists 
and laymen have based their 
notions of lieiedity on the idea of a 
general type image for every separate 
animal and plant species as being a 
theoretical entity of which the living 
individuals of that species are a reali¬ 
zation in time and space — comparable 
to coins minted fiom one and the same 
stamp — and only slightly modified by 
the diiect influence of the parents and 
of the external conditions of life. 

In the ISth and early 19th centuries, 
vague theories of descent were repeated¬ 
ly evolved, i.e. conceptions about the 
origin of new species in nature from 
older ones by gradual characteristic 
changes. 

The famous British biologist Charles 
Darwin consolidated these ideas on the 
evolution of species and pointed out 
how conditions of environment, diet, 
predatory foes, etc., might play a part 
in changing hereditary characteristics. 

In this epoch-making book of 1859, 
Darwin expounded his theory of 
Natural Selection. With domesticat¬ 
ed animals and cultivated plants the 
breeder sucecds in raising new im¬ 
proved races by selecting from his 
stock or crop the very best individuals, 
and by continuing to do so in succes¬ 
sive generations. 

In the same way — according to 
Darwin’s hypothesis — new species 


Vries: Dutch Influence 
on Modern Genetics 

J. Heimaiy 

arise m natuie, because in the constan 
sliuggle for life that goes on amonj 
the numerous and slightly varyini 
individuals of each generation, onl 
the strongest and the best adapted t( 
local circumstances may survive am 
come to propagation. 

Darwin’s hypothesis of Natural Se 
lection .substantially contributed to th 
geneial acceptance of the Theoiy c 
Evolution as such. Neveitheless it ult 
mutely does not stand up to scientifi 
criticism. 

One of the most important ob]& 
lions is that the very slight improv 
ment achieved in one generation h; 
to he cumulated through several su 
cessive generations. But such a cum’ 
lation can only occur if the slig 
modification in the original individus 
of each gcneiation are inherited 1 
the offspring of the selected fittest. 

Darwin and most of his adherer 
accepted the hereditability of the 
ever-present individual variations, 
1868 Darwin himself, in a not ve 
convincing chapter (‘Provisional Hyp 
thesis of Pangenesis’) of his work At 
mals and Plants under Domesticatk 
tried to show how these individi 
variations might be transmitted, 

It was the Dutch botanist Hugo 
Viies, who came up with new theor 
on heredity and evolution, revisi 
Darwin’s views. These theories 
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. Hugo de Vries pi rivaled ;i sound new 
basis foi contempt)niiv thinking in the 
whole field of genetics and the origin of 
species, and gave a most effective 
impetus to tlu* admirable development 
of theoretical insight as well as to practi¬ 
cal application in these fields of learning. 

As early as 1880 he started extensive 
cultiue experiments to obtain an insight 
into the variability of specific charac- 
eristic and into the heredity of devia¬ 
tions. 

As a u'sult, Hugo de Vries, like his 
eontemporaiy the Clennan -zoologist 
Weismann, came to refute the heredi¬ 
tability of the so-called flueluating, 
ever-present giadnal variations upon 
which Danvin had based his theory of 
Natuial Selection, 

De Vries- published his theoretical 
conclusions in 1889 under the title of 

Intracellular Pangcncsi s\ 

To summarize voiy concisely and 
simply, we might say that De Vries’s 
conclusions amounted to the following: 
Every type of animal or plant is 
characterized by a great number of 
specific qualities, which are all inherited 
unchanged and independently of each 
otliei, being as they are, bound to 
separate particles of living matter, 
called by De Vries ‘pangenes’. Each 
of these pangenes Is the carrier of a 
separate specific characteristic. 

All those pangenes are present in 
the cell nuclei, and — through ccll- 
division—are transmitted to all new cells, 
including the reproductive cells and, 
consequently, to all descendants. 

As De Vries saw it, the inherited 


t\ pe-image is- not one entity, but a 
mosaic of independent and inter¬ 
changeable units, though in them¬ 
selves unalterable. 

Hereditary modification can only be 
t aused by the elimination of one of 
the pangenes, or by the introduction 
of a new one, or to employ the biolo¬ 
gical term used by De Vries, by muta¬ 
tion of a pangene. 

Selection occasioned by environ¬ 
ment can, in contrast to Darwin’s 
views, only be permanently effective if 
the stock-population already contains 
some individuals with a fixed heiedi- 
tarv variation, in other words, if one 
or moie imitations' have previously 
taken place. 

It is only after a number of such 
mutations have combined to produce a 
favourable plurality of new characteris¬ 
tics, and the useful combination has 
been .stabilized by the elimination of less 
lavmirable competing ones, that a really 
new species can be said to have evolved. 

His paper of 1889 did not at once 
help De Vries to get these new concep¬ 
tions generally accepted. The title of 
his booklet Intracellular Pangenesis 
and the term ‘pangenes’, deliberately 
chosen in honour of Darwin, after the 
latter’s Provisional hypothesis of Pan- 
genesis, failed to clarify in which 
fundamental respects the new theses 
were contradictory to Darwin’s. Twelve 
years later —in 1901 —Hugo de Vries 
once more published the same ideas 
on the species as being a mosaic of 
separate ‘unit characters’ each trans¬ 
mitted by a pangene; but this time 
elaborately worked out and sustained 
by the results of exhaustive pedigree- 
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cultures and crossing-experiments, m a 
book under the new title, Mutation 
theonj. This work of 1901 (a second 
pait was issued in 1903) made the 
name of Hugo de Vries famous all 
ovei the world, and his once revolu- 
tionaiy ideas have since long become 
commonplace, elements m all theories 
and methods of research in the fields 
of genetics and the allied scien¬ 
ces. In Ins first hook on the pangenes, 
Hugo de Vries had already announc¬ 
ed specialized crossing-experiments to 
confirm Ins theoretical conclusions, 
Some of these indeed finally gave the 
expected simple numerical results, 
namely, in the second generation after 
crossing, three quarters of the indivi¬ 
duals were like one parent (or rather 
their one grand parent), and one 
quaitei like the other. 

De Vries was slai tied to learn that 
these same simple numerical rules 
of the segregation of hybrids had been 
found long before by Gregor Mendel 
as the result of crossing-experiments 
with peavarieties and had been publish¬ 
ed in a papei in 1866, 

This paper had never been rightly 
understood and was completely foi- 
gotten. Foi De Vries, of course the 
significance of Mendel’s paper was 
immediately clear and, by applying his 
own hypothesis of the pangenes, he 
was able to extend the conclusions 
arrived at in Mendel’s work much 
further than its originator had done. 
Conversely the rediscovery in 1900, of 
Mendel’s laws confirmed Do Vries’s 
theory of pangenes as the sound new 
basis for the doctrine of heredity in 
general. 


Since then experimental research in 
the field of licieclity by means of cros¬ 
sing-experiments with plants and ani¬ 
mals lias taken enormous strides, and 
has had extremely important results 
lor practical application in fanning and 
horticultuic*. In cattle-raising and m 
poultry-brooding, in foodcrops as well 
as in flower-culture, superior races of 
eminent standard value could be bred 
by crossing and selecting and back- 
crossing of segregates, using scientific 
schemes diafted by specialised scient¬ 
ists in experimental stations, 

Hugo de Vries in his own further 
studies turned away from these purely 
Mendelian lines of research and con¬ 
centrated on cases in which the Men¬ 
ded uiles did not seem to apply, 
especially in the plant genus Oenothera 
(Evening Primrose). 

It was only after decades of inten¬ 
sely conduc ted research by De Vries, 
supplemented by that of Renner, 
Cleland and others, that ultimately a 
complete picture could he obtained of 
the extremely intricate way in which 
mutation, hybridization and selection, 
complicated with other, formerly un¬ 
known phenomena, fit together in the 
evolution of new species in this plant 
genus. 

Nowadays we are convinced that 
the same intensive research will be 
necessary for the elucidation of this 
piocess of species evolution in other 
groups of plants and animals as well. 
But in the clays of Hugo de Vries’s 
Oenothera studies this was not under¬ 
stood, Therefore De Vries, by specia¬ 
lizing so exclusively on this labyrinth 
of Oenothera pioblems, isolated him- 
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s(! |f from oil othei genetiei.ms who 
undertook tlie nimr conventional kind 
of heiedity leseaich. And this is the 
mainienson why the lame of Hugo cl< 
Vries as the originator of the modern 
views on Ileiodity and Evolution some- 
,'vhat declined. 

.Even m iUllllOlltative iceent text¬ 
books often the most Imidnmenlal new 
conceptions contributed by Hugo do 
Vries to the doctrines of heredity and 
evolution, me minimized and treated 
as having been ulieady implicitly 
dealt with in the works of Darwin and 
Mendel. It must be said that l)e Viies 
himself, out of piofouud admiration 
for Danvin, delibeiatcly omitted to 
stress the eontnulietion between bis 
new ideas and Darwin's expressed 
views. 

Tlu; Danish anthm ol the first great 
manual on the doctrine ol Heredity, 
Johannsen, slantened the 1 term ’pange- 
nes’ i e., Do Vries's name for the bear¬ 
ers of sepaiatc hereditary characteris¬ 
tics to ‘genes’. Tin’s abbreviated form 
has since then remained in goneial use 

In iceent times the* term ’Neo- 
Darwinism’ is often used for the com¬ 
plete system of theories built up by 
Darwin, as reconstructed with the aid 
of modem research and the applica¬ 
tion of present-day conceptions. There, 
is little occasion for objection to the 
term ‘Nco-Daiwinism’, as long as it is 
remembered that the. major corrections 
to Darwin’s original ideas have been 
derived from Hugo dc, Vries’s doctrine 
the pangenes. 


Hugo de Viies was born in 1848 at 
Haarlem m the Netherlands lie 
studied at Univeisity of Leyden and 
obtained his Ph.D. degree at the age 
of twenty-two. 

His postgraduate studies, pursued 
in (mummy at the Univeisities of 
Heidelberg, Wurzburg, Halle and 
Herb’ll, already brought him gieat 
lame in the field of plant physiology 
as a result of his experimental analy¬ 
sis of cell pleasure and the causes of 
moisture absorption and growth m plant 
cells. 

After being called to the University 
ol Amsterdam in 1877. as a Piofessoi 
of Botany he soon started experimen¬ 
tal icseareh on the problems of varia¬ 
bility, heredity and evolution. Not¬ 
withstanding many flattering oIEers 
from alnoad he remained faithful to 
the Amsterdam Institute of Botany 
until lie retired in 1918, Then, until 
his death in 19.35 at the age of 87, he 
continued his work in his own experi¬ 
mental garden and private laboratory. 

There is no doubt that Hugo de 
Vries should be reckoned among the 
greatest scholars in the annals of 
science. His work which laid the 
basis for the great development of the 
biological sciences in our time has cer¬ 
tainly been as important as that of 
his famous contemporaries, the four 
Dutch Nobel prize winners Van’t Hoff, 
Van der Waals, Lorentz and Zeeman, 
in chemistry and physics. Without such 
men the world of today would have 
been poorer indeed. 



Nobel Prize Winners in Science—1965 


New York State Research 


r j"'HIS year’s Nobel Prize m physics 
JL was awarded jointly to two Ameri¬ 
can and one Japanese scientists. Dr, 
Julian Seymour Scliwingei of Harvaid 
Univeisity, Dr. Richaid Phillips Feyman 
of California Institute of Technology, 
and Dr. Shinichero Tomonaga of Tokyo 
Education University. Their research 
dealt with quantum electiodynumics and 
lesulted in easy quantitative calculatioiis 
of inteiaction between charged particles. 
The Nobel Prize in Chemistry was 
awarded to Dr. Robcit Bums Woodward 
of Harvard Univeisity for the develop¬ 
ment of fundamental techniques foi 
synthesis of complex organic compounds 
such as quinine, coilisone, cholesterol, 
stiychnine, leserpine and chlorophyll 
This year’s Nobel Prize in Medicine 
went to tluee French scientists. Dr. 
Francois Jacob, Dr. Jacques Monod and 
Dr. Adre Lwoff, for their discoveries 
concerning the genetic control of en¬ 
zyme, protein and virus synthesis. 

Physics 

Dr. Schwinger was bom in 1918 and 
was educated at City College New York 
and then at Columbia University. Hav¬ 
ing taken the Bachelor’s degree fiom 
this University at the age of 17 years 
he joined the University of Wisconsin 
for advanced studies in physics. Later 
on, while he was engaged in research in 
Purdue University he was awarded the 


R. K. Datta 

Institute for Neurochemistry and 
Drug Addiction, New York 

Ph.D, degree by Columbia University, 
Next lie moved to the California Insti¬ 
tute of Tcchonology and worked with 
Piof. J. Ilobeit Oppenhcimer, a famous 
physicist In 1946, at the age of 28 
years, Di Schwmgci was appointed an 
Associate* Professor of Physics in the 
Harvard University at Cambridge, 
Massachusetts in the United States. 
Next year lie was piomoted to the full 
piole.ssoi.ship. It is worth noting that 
lie is the youngest professor that Har¬ 
vaid Univeisity has had in its three 
hundred veins of existence. Dr. Schwin¬ 
ger has also received the Albeit 
Einstein Award in natuial science, 

Di. Feyman was educated at the 
Massachusetts Institute of Technology 
where lie took the Bachelor’s degree. 
Then he joined Princeton University and 
got Ins dootoiale. In this university he 
studied the. problem of separation of 
isotopes of uianurm which weie badly 
needed in the early stage of the Manhat¬ 
tan District Pioject during the World 
War II in connection with the produc¬ 
tion of atom bombs, Di, Feyman was the 
group leaden of the theoretical physi¬ 
cists at lire Los Alamos Scientific Labora¬ 
tory, and he inspected the first test ex¬ 
plosion of an atom bomb. After teach¬ 
ing at the Cornell University for some 
years he joined the California Institute 
of Technology in 1950. Like Dr. 
Schwinger, he won the Abert Einstein 
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A.\varcl ol $15,000 for scientific aclnese- 
ment 

Pi, Tomonaga was bom m Kyoto mi 
Maxell 31, 1906. lie worked on tlieoie- 
t ic .al physics during the years of 1942 
to 1915 when the World War II pre¬ 
sented many difficult problems m 
defence physics Alter the war he de¬ 
voted himself to the studies' of quan¬ 
tum electrodynamics. 

These three scientists have been 
honoured for research done by them 
about 29 years ago. Their research was 
based on the discoveries of the early 
1930s and is regarded as the origin of 
quantum electrodynamics. During that 
pei rod, the elementary a tonne particle 
known as the position was diseoveied. 
The positron is a positively charged 
counterpart of the negatively charged 
election It was also known around that 
time that when the two particles, the 
positron and the election meet, they are 
destroyed and a photon, the basic unit ol 
radiation, is emitted. Later it was also 
discovered that lime is a reverse re¬ 
action, in which a photon, in close neigh¬ 
bourhood of an atomic nucleus, is 
converted into a positron and an elec¬ 
tron, Thoie weie enormous difficulties 
in making any mathematical calculations 
of this interaction. This year’s prize 
winners discovered independently of 
each other that the interaction produces 
a small change in charge and mass'. 
Through the method discovered by the 
three scientists’ the changes in charge 
and mass are now measured very 
accurately. 

Chemistry 

Dr Robeit Burns Woodward, who 


has received the Nobel Prize in Chemis¬ 
try, was bom in 1917 m Noith Quincy 
m Massachusetts JTo studied in a local 
school holme he joined the Massa¬ 
chusetts Institute of Technology. ITc 
took the degree of Bachelor of Science 
at the age, of 19 ycais and the Ph.D. 
degree the following year. Dr. Wood¬ 
ward synthesized quinine, which is a 
hitter alkaloid drug used in the tieat- 
ment of malaria and which is obtained 
in nature from various species of the 
Cinchona baik. Due to a waitime shor¬ 
tage of natural quinine he was asked in 
1942 il lie could produce synthetic 
quinine. After 14 months of intensive 
work he, along with his colleague 
Di. W. ID. Docring, succeeded in synthe¬ 
sizing from a coal tar derivative known 
as benzaldeliyde, the first wholly synthe¬ 
tic quinine. The product was announced 
in April, 1944, Subsequently one after 
the other, Dr. Woodward made synthe¬ 
tic cortisone, cholesterol, other steroids, 
.strychnine, lysergic acid and leserpme— 
all considered to he the major chemical 
achievements of the century. All these 
arc composed of large and very compli¬ 
cated molecules with specific biological 
activities. His next achievement of 
major importance was the synthesis in 
1947 of 'protein analogues’, They are 
composed of giant molecules that resem¬ 
ble the natural proteins found in animals 
and plants. Dr. Woodward’s latest 
success, which is probably the most 
significant chemical synthesis in the 20tli 
century, is the complete synthesis of 
chlorophyll. This is the large and com¬ 
plex green pigment in living plants, 
which carries on the key process of 
photosynthesis — the process by which 
plants containing ehloiophyl] convert 
water and caibon dioxide of the atmos- 
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phere in the piesenee of light into car¬ 
bohydrates, the food material of the 
plants. By these synthetic techniques 
Di. Woodwind has come closei than 
anyone else to duplicating natme’s pio- 
cess of giowth. The synthetic* techni¬ 
ques used by Dr Woodwaid in synthe¬ 
sizing the giant molecules has since 
been of great value to the chemical 
industries. 

Iirs interest in chemistry was fiist 
aroused by the gift of a child’s cliemistiy 
set given to* him when he was a small 
boy. Soon aftervvaids his parents allow¬ 
ed him to set up a chemical laboratory 
in the basement of the family home in 
Boston, By the time he passed high 
school in 1933, he was repoitod to have 
had a greater knowledge of chemistry 
than most college graduates who major¬ 
ed in the subject He was then only 
18 yerus old. After his doctoiate degree 
in chemistry at the age of 20 years he 
joined the faculty of Harvard Univer¬ 
sity, and has since been teaching and 
doing research work there. 

Medicine 

Dr. Jacob was bom at Nancy in 
eastern France in 1920. He left medi¬ 
cal studies to serve in the French Force 
from 1940 to 1945, and resumed them 
after the end of World War II. lie got 
the degrees of Doctor of Medicine in 
1947, Bachelor of Science in 1951 and 
Doctor of Science in 1954. In 1950 ho 
joined the Pasteur Institute and started 
work with colleagues who later became 
his fellow prize winneis. In 1964 a 
chair was specially created for him and 
he was appointed as Professor of Cellulai 
Genetics at the College de Fiance 


Dr. Monod was born in Paiis in 1910. 
Before be went to the United States, he 
worked from 1932 to 1936 on some 
aspects of tire origin of life. With a 
scholarship horn the Rockefeller Foun¬ 
dation he lemved an advanced training 
in the. United States and got his Ph. D. 
degiee in 1941. lie returned to the 
Pastern Institute and served as a labora¬ 
tory chief from 1945 to 1953. Next, he 
became the head of the department of 
Cellular Biochemistry of the Institute 
and also Professor of the Faculty of 
Science. Di. Monod won the American 
Bronze Star in 1945 and Leopold 
Meyei Prize* of the French Academy in 
1962. 

Di, Lwolf was born in 1902 He 
studied natural science and took his 
Bachelor's degree in 1921. lie got the 
degrees ol Doctor of Medicine and Doc¬ 
tor of Nairnal Science in 1927. Since 
then ho has been associated with the 
Pasteur Institute first as a staff member 
of the Department of Microbial Physio¬ 
logy, and later as bead of the Depart¬ 
ment at the Sorbonnc University. He 
also served in the French Underground 
Resistance Force during the World Wai 
II and won various medals. 

Now the contribution made by these 
three Nobel Piizc winners may be 
biicily explained, The hereditary in¬ 
formation needed to pioducje enzymes- 
biocalalysts essential for metabolic re¬ 
actions in the body-ami other proteins 
is coded in deoxyribonucleic acid, which 
is the stuff of genes The structural 
genes are believed to be responsible for 
biosynthesis of enzymes and proteins. 
The structural genes serve as templates 
for producing complementary units of 
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ubonucleic acid, winch, m turn, move to 
the celluhu sites at which the pm to in 
and cir/vme synthesis takes place. This 
particular iihonucleic acid is called 
‘messenger UNA’, because it transfers 
the genetic inhumation anil thereby de- 
teimines the specificity of enzymes and 
proteins. Pieviously, a view was held 
that each gene controlled the synthesis 
of a particular enzyme. As a insult 
of this year's awardees’ contributions 
it is now known that there is a 
second class of genes whose function 
is to lcgulate the activity of other stru¬ 
ctural genes which, in tmn. direct the 
synthesis of enzymes and other proteins 
They do this by sending chemical 
signals. So long as the signals' are sent 
and are being received the structural 
genes are suppicssed and no enzyme m 
protein is synthesized. The French 
scientists discoveicd that certain chemi¬ 
cals, if intioduced from outside 01 pro¬ 
duced in the cell, interfere with the 
sending 01 receiving of these signals*. 
When this interfeience occurs, the 


stiuetmal genes shut the piocess of 
enzyme anil piotem synthesis, This 
mechanism gives the cell the ability to 
survive in changing conditions. Accord¬ 
ing to one theory, viruses cause cancer. 
They live inside cells and become inte- 
gialed with them Thus they contain 
both the structural genes and regulatory 
genes—the built-in control system— 
•'liich mulct ceitain circumstances can 
stop the viruses from multiplying. 
Chemical signals', if sent, by regulatory 
genes, mav cause the viruses to lemain 

* t 

m an inactive state and the structuial 
genes will not synthesize enzymes oi 
proteins. But if this piocess is disturbed, 
the viruses arc activated; they destioy 
the cells and multiply This is believed 
bv some expeits to be the cause of can¬ 
cer As the findings of the French scien¬ 
tists have given great impetus to the 
development of knowledge in the fight 
against cancer they have opened up new 
frontiers ot medical research may lead 
to a piaotical cure for human cancel. 
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Frits Zernike and The Phase 
Contrast Microscope 

A, Hugenot van cler Linden 


On December 10, 1953, the 65-year 
old Dutch scientist Professor Frits 
Zernike—the man who made living 
cells visible—received from the hand 
of His Majesty King Gustav Adolf of 
Sweden the Nobel Prize for Physics in 
recognition of his ingenious Phase Con¬ 
trast Microscope, by means of which 
it had been possible to study living 
celts and which has pi over! to be of 
inestimable value to medical research 
all over the world. 

A T the beginning of the ccntuiy, a 
young student of chemistry, Flits 
Zernike, attended an auction sale in his 
home town of Amsteidam. There he 
purchased a telescope for a small sum. 
Little did he realize, as he examined 
the small pieces of glass which were 
part of his hobby, that they would 
eventually make him world famous or 
cam for him the highest scientific dis¬ 
tinction accorded to man. 

Zemike was known for his perspica¬ 
city. The experiments with light and 
lenses, which weic to fill much of his 
woiking life, eventually led him to an 
amazing discovery, the significance of 
which was not realized immediately 
but which eventually brought about a 
true revolution in the optical study of 
living tissues so minute as to be invi¬ 
sible to the naked eye and in which 
an ordinary microscope could produce 
only vague contrasts. 



Pi of. Frits Zernike 

Now, however, thanks to Zernikc’s 
phase contiast nticioscopc—which is 
as simple as it is ingenious — doc¬ 
tors, biologists, bacteriologists, cytolo- 
gists and histologists all over the woild 
are able to obseivc living organic 
tissues and thus as it were, study life 
itself as it goes on. Cancer research 
has probably profiled more than any 
other branch of research fiom Zernike’s 
discovery. The unending battle against 
this disease would probably not have 
reached such a favourable stage as it 
has today, had it not been for such 
powerful instruments as the phase con¬ 
trast microscope. Similarly it has en¬ 
abled clinical research winkers to 
arrive at a correct diagnosis in a far 
shorter time. Biologists can now fol¬ 
low the mysterious processes of the 
division of living cells and cell nuclei; 
they can observe what is known as 
‘life’ in one of its most fascinating 
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aspects. The cell is the smallest of 
all the component parts of organic 
life in human linings, animals and 
vegetable matter. The phase contrast 
microscope has made it possible to 
follow the complicated processes which 
go on inside such a cell, while they are 
actually going on. An example of these 
is the activity of the. mitoelumdriae, 
those minute, bodies which fonn part of 
the cell pioloplasm. AH these pioccsses 
are closely allied to the secret of life 
and to the difference between sickness 
and health. It is not surprising that the 
Amsterdam University decided in Jan- 
uaiy, 1953 to award an Honorary Degice 
of Doctor of Medicine to the man 
whose discovery had made possible all 
these strides fonvaul in medical 
science. 

At the beginning of the 17th cen¬ 
tury, when the microscope was first 
invented, no one was aware that 
disease and illness could be caused by 
living objects so small that they could 
not be observed with the naked 
eye. Once equipped with the then 
new and wonderful instrument, the 
scientists of the day rapidly came to 
the conclusion that the strangely form¬ 
ed organisms which revealed them¬ 
selves to their amazed eyes — and 
which for the sake of convenience 
they termed animalcules—might well 
be the cause of the various plagues 
which afflict the human race. 

No one can say exactly when and 
where the first lens microscope was 
made, The philosopher Seneca knew 
that printed letters became larger, and 
thus easier to read, if they were 
placed under a glass bowl filled with 


water, but it took sixteen hundred 
years foi more systematic lenses to be 
used to penetrate into the mysteries of 
the microcosmos. That immensely 
versatile inventor Cornells Drebbel— 
a Dutchman attached to the Court of 
James I of England — must have pos¬ 
sessed an instrument with two lenses 
and this is still regarded as the foie- 
runner of all microscopes. And yet 
it was the year 1800 before the primi¬ 
tive instalments with which a fly ap¬ 
peared to be 'as big as a lamb’ were 
improved to the point at which they 
could be used to pioneer medical 
i esearch. 

Thanks to the work of such great 
experts as Huygens, Newton, Snellius, 
Descartes and Abbe, much more 
knowledge had been obtained in the 
meantime about the laws of light and 
the phenomena of refraction. Abbe, 
who was one of the founders of the 
world famous Zeiss concern, made a 
pai titular contribution to the further 
development of the miscroscope into a 
refined precision instrument without 
which physics, medicine and technics 
woujd never have reached the high 
level which they have in our day and 
age. The microscope emerged trium¬ 
phant in the period between 1878 and 
1924. Beginning with Robert Koch, 
who got on to the track of the cause 
of infection in wounds, numerous 
scientists, including Pasteur, uncovered 
the secrets of leprosy, typhoid, cholera, 
plague, malaria and many other in¬ 
fectious diseases, 

Shortly before the outbreak of the 
Second World War, the microscope 
took a fresh, poweiful step forward 
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with the invention of the election 
micioscopc in which the image was 
formed not by light waves but by 
much finer beams of electrons. With 
its magnification factoi of anything up 
to 100,000, the electron microscope is 
a laigc and costly instrument. IIow- 
evoi, it has the disadvantage that liv¬ 
ing tissues aic killed as soon as they 
are brought into contact with the 
mstiument. Besides, its size, and cost 
place it outside the scope of the indi¬ 
vidual scientist. 

Long ago the piactice. of coloming 
specimens intended for microscopic 
tesearch commenced; m this way theii 
visibility impioved and they displayed 
the desiied contiasts. Unfoitunately, 
however, this practice defeated its ob¬ 
ject because living organisms did not 
suivivo the coloiuing treatment. 

It took a man of the cahbie and 
versatility of Zermke to break this 
vicious circle, In his scientific career 
at Gionmgen Umveisity in the north 
of the Netherlands, he levealed him¬ 
self not only as an astute theorist but 
also as an exliemely capable experi¬ 
menter who was as able with his hands 
as with his brain. An example of this 
is seen in his ingenious revolving- 
rniiroi galvanometer with which even 
the weakest electnc currents can be 
measured. For years this inti overt 
young man, whose interests hardly 
stretched beyond his scientific activity, 
worked on an idea aimed at drasti¬ 
cally changing the pattern of the light 
micioscopc He extended a theory 
earlier expounded by the great Abbe 
on the formation of images. In 1932 
he travelled to ‘the lion’s den’, the 


city of Jena m Germany, wlieie the 
Zeiss lactones were located. Tlieie his 
theories wcie received with mteiest 
but no more, and he was sent on his 
way with the lemaik ‘if what you 
have said had been of any signifi¬ 
cance, we should have discovered it 
by now.’ The Zeiss leseaich teams 
were indeed woiking on the same pio- 
blem as Zemike. But unlike them, he 
preseveicd until he succeeded 

The result of Zennkc’s pioneeung 
uork was seen in a theoietical analy¬ 
sis which he published between 1937 
and 1942 and in which he seL out the 
maniKT in which the image in a light 
micioscopc is formed. The waves 
sent out by the small light source 
travel transversely through transpar¬ 
ent preparations and foim an image 
winch can be studied through the 
ocultu lens. But what would happen 
if the vanous components which cons¬ 
titute the parts of Lhe specimen allow¬ 
ed the light to pass m equal quanti- 
tics? The result would be a vague 
image lacking m contrast and extreme¬ 
ly difficult to analyse, Foilunately, 
however, light waves possess a fuithei 
property: they are not refiacted equally 
when passing tlnough various sub¬ 
stances. If you plunge a pencil into a 
glass of water you will sec that it ap¬ 
pears to assume a bend, the size ol 
which is determined by the refractory 
index of water. Each element and 
substance has a diffcient lefractory 
index. 

It was this characteristic which Zer- 
mke utilized, and as it turned out to 
be, this was the answer. The gieatei 
oi smaller ‘bending’ which the vaii- 
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mis components of a .specimen undei- 
went m the microscope caused a phase 
diffeiential m the light waves, llie.se, 
howevei, aie not discernible to the 
naked eye. The following example 
will serve to illuxhate the piineiple- 

A platoon ol soldiers matches, m 
loins, along a load across which a 
muddy strip inns at a slant. Soldioi 
No. 1 is the fust to encounter the* 
mud and although he continues to 
march in the same diiection lie moves 
considerably slower owing to the re¬ 
sistance of the muddy ten am. Soldier 
No, 4, however, mm ebes a few vaids 
iuilliei heloie he comes to the stnp 
and thus lengtliwi.se (in the diiection 
of marching) he passes No, 1 The 
marching ranks have '.shifted’ in rela¬ 
tion to each olliei, in other words 
they display a phase diffeiential As¬ 
suming that the road sm face and the 
strip were precisely the same in colour, 
an aerial obseiver would still he 
able to deduce from the shift that the 
maiehers weie. on 'fast' and ‘slow’ 
types of teirain. 

The phenomena of refiaction and 
phase shifting arts in fact, consider¬ 
ably moie complicated than m our 
example. IIowcvci, tlic comparison 
does enable us to obtain an idea of the 
difficulties which Zero ike set out to 
oveicomc. lie .succeeded not only in 
making the phenomenon of phase dif- 
feiential visible, but also considerably 
strengthened it. Zernike’s secret lay 
ni placing two objects in the light 
rays in his microscope, and together 
these produced the desired effect. One 
of the objects was a metal ring and 
the other a piece of transparent glass 
ground to a special design; the former 


lie called the phase ling and the lattei 
the phase plate, This plate was any¬ 
thing but easy to manufacture; above 
all it had to he slightly thicker oi 
thinner in the centre than around the 
pei iplioiy. The differ ence was only a 
lew thousandths of a millimetre, ne¬ 
cessitating an almost impossible giind- 
tng operation, But Zemike, bom ins¬ 
talment makei as lie was, conquered 
this problem too. His perseveiance 
was moie than rewarded because, 
when his new microscope had passed 
through the stage of ‘growing pains’, 
the improvement in the detail of the 
living oiganisms undei the lens was 
so evident that nothing could hinder 
tlu- success of the instrument. In fact, 
Zemike had succeeded in turning the 
invisible difleiencc m the refiactory 
index into visible differences m the 
intensity of the light passing through 
his preparations. 

The lesults xveic moie than surpris¬ 
ing, A human sweat gland which dis¬ 
played only vague lines and shapes 
when examined undei a normal 
microscope, icsembled more a hilly 
teirain with livers and gullies when 
examined under the phase contrast ins¬ 
trument, and the contrasts weie clear 
for all to sec. 

Shortly aflei the end of the Second 
Woild War, a team of American 
scientists seaicliing amid the wreckage 
of live former Zeiss factories came 
across a piece of film showing living, 
moving tissue. The film had been 
made with the aid of ideas developed 
by Professor Zemike. One of the 
finders, the American bacteriologist 
John T, Bruce, went to Groningen to 
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meet Zernike and invited him to visit 
Ameiica. There, in November 1949, 
Zernike appeared as guest professor 
and lectured at the Johns Hopkins 
University in Baltimore to members of 
the National Academy of Sciences on 
his revolutiomuy theoiies. In Novem¬ 
ber 1951 he was invited to attend the 
centenary celebrations of the National 
Btueau of Standards in Washington 
wheie he gave a demonstration at 
which he more than convinced the 
scientists present of the value of 
his discovery, Exactly one year later, 
the famous Royal Society in London 
a wauled him the Rumfoid Medal 
for lus ‘method of achieving an im¬ 
mense improvement in the observa¬ 
tion oi the fine structures in trans¬ 
parent preparations with the aid of 
microscopes fitted with so called phase 
plates’. The. Society desciibcd Zei- 
nike’s discoveiy as the most important 
one made in the field of light, made 
during the preceding two years. Other 
scientific awards followed, culminating 
in the Dutch professor’s presence on 
the dais of honour in Stockholm on 
December 10, 1953, to receive from 
the hand of King Gustav Adolf of 
Sweden the Nobel Prize for Physics, 
A member of the Nobel Institute sum¬ 
med up Zermke’s life’s work in these 
words: ‘the theoretical conclusions 
which brought Zernike to his ultimate 
discovery must be called the work of 
a genius’. 

On April 30, 1954, Her Majesty 
Queen Juliana of the Netherlands ap¬ 
pointed one of her greatest but most 
retiling subjects to be a Commander 
in the Older of Aranje Nassau. Profes¬ 
sor Zernike more than earned the 
distinction. His phase contrast micros- 
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Principle of the phase contrast microscope 
cope, which is now being manufac¬ 
tured by a number of concerns and is 
in use all over the world, is a power¬ 
ful weapon in the hand of the indi¬ 
vidual scientist in the unabating 
struggle against the hordes which 
seek to attack us. 
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T HE atom-molecular theory consti¬ 
tutes the* theoretical basis of tire 
course of chemistry at middle schools in 
classes VII-VIII of the USSR 

Since chemists study substances and 
thcii conversion, the course of chemis¬ 
try at school in class VII starts with the 
introduction of the, notion ‘substance’ 
based on everyday life and environment, 
Simultaneously with the introduction of 
the notion 'substance’ pupils arc given 
the notion of the properties of sub¬ 
stances. The notion of the molecular 
structme ol substances is also given here. 
Substances consist of molecules. A mole¬ 
cule is the tiniest particle of a sub¬ 
stance, There are mteistices between 
molecules, which can expand or contract. 
This change in the distance between 
molecules explains the expansion of 
bodies on heating and their contraction 
on cooling, Expansion of a body on 
heating can be observed with the help 
of the following simple experiment 
(Fig- I)- 

The flask contains water, is filled up 
to the cork. A long glass tube is inserted 
though the coik. Heating of the flask 
leads to the expansion of the volume of 
water which begins to rise, in the tube. 
On cooling, the level of water in the 
flask falls. 

After this, the idea is conveyed that 


foices of attraction and repulsion exist 
between molecules. Molecules aie in 
constant motion. The speed of mole¬ 
cules of various substances is not identi¬ 



cal. This can be observed with the 
help of the following experiment. Take 
a pair of small porcelain crucibles and 
put a few drops of some easily eva¬ 
porating liquid, for example, bromine 
in each of them (bromine vapour is 
i eddish-brown in colour and hence can 
easily be observed). Cover the crucibles 
with tall glass cylinders. One of them 
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contains air and the olhoi hydrogen 
which is the liglite&t of all gases 

Vapouis ot hi online spread more 
quickly in the cylinder containing hydro¬ 
gen (light) than in the cylinder con¬ 
taining air (leit). Intermingling of 



Pig. 2 


molecules of one substance with mo¬ 
lecules of another substance is called 


+■ 


Molecules of Mercmic Oxide 

diffusion. Besides the laboratory work, 
some work is also given to be done at 
home. Put two or three pieces of sugar 
at the bottom of a glass. Fill the glass 
caieiullv with cold water. Taste the 
water, Has it turned sweet? Covei the 
mouth of the glass with a lid and allow 



it to stand quietly Taste the water m 
the glass again on the next day. Use 
a teaspoon for ladling out a little of the 
water horn its uppei layei Do this 
carefully without allowing the glass to 
shake. Does the watei taste sweet now? 
IIow can you explain the water turning 
sweet? 

The molecular theory piovides an ex¬ 
planation foi the conveision of sub¬ 
stances from one state into another. The 
notion ot chemical conversions (reac¬ 
tions) is given both tluough comparison 
and tin (High contrast, that is the notion 
‘chemical phenomenon’ is more com- 
piehensible when opposed to the notion 
‘physical phenomenon’, To keep the 
teaching ptoblcm simple, chemical phe¬ 
nomenon is sub-divided into mictions of 
decomposition and reactions of com¬ 
bination. On the basis of examples of 
‘mictions ol decomposition’ and re¬ 
actions ol combination’ the notion of 
atoms and of atomic weight are given. 

The minutest and chemically indivi¬ 
sible pai tides which foim molecules aic 
called atoms. 

o 

Atom of Mercurv Atom of Oxygen 

Weight of atoms expressed in oxygen 
units is called atomic weight. 

Tlic essence of chemical reactions lies 
in the change of composition of mole¬ 
cules That is why the basic piinciples 
of the atom-molecular theory are obli- 
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gatorily given as follows: 

1 Substances aie composed of minu¬ 
test particles, that is, molecules which 
have interstices between them. Mole¬ 
cules aie in constant random motion. 

2. All molecules of a given substance 
aie identical. Molecules of different 
substances differ from one another in 
weight, dimensions, and chemical pro¬ 
pel ties 

3. Molecules aie composed of atoms, 
Molecules of simple substances are ami- 
posed of identical atoms. Molecules of 
complex substances are, composed of 
different atoms. 

4. Atoms, like molecule's, are in 
constant motion. 

5. Atoms of one type differ from those 
of anothei in weight, dimensions and 
chemical properties. 

6 Atoms arc not destroyed in chemi¬ 
cal reactions 

Atom-molecular theory has made it 
possible to explain a variety of chemical 
tiansfonnation of substances. 

A molecule is not a simple sum total 
of atoms. For example, in molecules of 
non sulphide you can see neither the 
properties of free, iron nor the properties 
of free sulphur, As iron sulphide is not 
a mixture of these simple substances, it 
is a chemical compound, 

On the basis of atom-molecular theory 
are introduced the notion of element- 
atoms of one type are called a chemical 


element—and then symbols of elements 
and the law of conservation of mass of 
substance, chemical formula and chemi¬ 
cal equation. 

I'm illustration of the law of conserva¬ 
tion of mass we may do the following 
experiments : 

1) Burning of phospliouis in a clos¬ 
ed vessel, weighing it befoie the ex¬ 
periment and after it. 

2) We undertake another experiment 
which also corroborates the law of con¬ 
servation of mass by weighing the sub¬ 
stances in the glass trousers before and 
after the experiment. 

Aftei learning the basic chemical 
notions ancl getting acquainted vith the 
atom-molecular study, it becomes possi¬ 
ble to examine, substances which we 
study in the remainder of Class VII 
and Class VIII. 

Study of substances starts with oxygon, 
for the pupils have already some notion 
of oxygen, air and water from the 
courses of natural science in Class IV 
and botany in Classes V-VI. Through 
examples connected with oxygen, pupils 
get a more piofound knowledge of 
atom-inolecular theory, chemical termi¬ 
nology, oxidation, oxides and valency. 

The course of chemistry at secondary 
school classes IX-XI of the USSR is 
based on the course of the general che¬ 
mistry of middle school and consists of 
two principal parts, inorganic and orga- 
indc chemistry, which are studied in 
succession. 
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At the beginning of the coiu.se of in¬ 
organic chemistry in Class IX, knowledge 
received in Classes VII and VIII is re¬ 
peated and generalized Refei ring to 
pupils knowledge of atoms and mole¬ 
cules, information is given of gram-atom, 
gram-molecule and giam-molecular 
volume. A quantity of an element 
whose weight expressed in giams is 
equal to its atomic weight is known as 
the gram-atom. (Gram-molecule or 
mole is the number of grams of a sub¬ 
stance numerically equal to its molecular 
weight), 

The periodic law and the periodic 
system of chemical elements of D. I. 
Mendelleycv and the theory of the 
structure of the atom constitute the 
scientific basis of the course of moiganic 
chemistiy at secondary school and that is 
why the studying of these pioblems is 
placed at the beginning of the course 
of inorganic chemistiy at secondary 
schools of the USSR in Class IX. 

Atom-molecular tlieoiy, the periodic 
law and periodic system pave the 
way to studying the composition of 
atom. The first indication that atom 



has a complex structuie was obtained by 
studying electric discharge through rare¬ 
fied gases. If in the path of the cathode 
rays, a rotator is placed, it starts rotating. 

This proves that cathode rays are a 
current of fast-moving material particles. 

If plates chaiged with electric cuirent 
are, brought near the cathode rays, these 


rays bend towards the positively chaig¬ 
ed plate. 





This shows that the pai tides stripped 
off from the cathode are negatively 
chaiged. The particles which form the 
cathode rays were named ‘electrons’. 
But atoms cannot be made up of only 
elections, since atoms aie electrically 
neutral. 

This means that besides elections, 
every atom must contain the same num- 
boi of positive, units of charge, as the 
number of elections present in them, 
This conclusion was reached on the basis 
of the discovery of ladio-activity. After 
studying radio-activity we study struc¬ 
ture of the atomic nucleus. This leads 
to the idea that the atomic nucleus con¬ 
tains protons, and neutrons, and the 
charge of the atomic nucleus is related 
to its place in the periodic system of 
elements. After that, the structure of 
electronic mbits of the atoms of elements 
in short periods is studied. This study 
is made in terms of the Rohr theory. 
Tire Danish scientist, Niels Bohr, esta¬ 
blished that electrons in the atoms aie 
distributed in shells mound the nucleus. 

Atoms of hydrogen (of ordinal N 1) 
have a simple structure. One electron 
moves mound the nucleus which has a 
unit positive charge. 
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The nucleus of the helium atom 
(ordinal N 2) lias two positive charges 
and two electrons around it. 

Belli the elections of the helium atom 
move at the same distance from the 
nucleus and aie alti acted by it with the 
same strength. 
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In lithium (of atomic N 3) we find 
the same group of two elections, parti- 
culaily close to the' nucleus as in the 
atom of helium and above it moves the 
third electron. 

This third electron lies farther from 
the nucleus and is atti acted towards the 
nucleus with a much weaker force than 
the first two electrons. Thus, the atom 
of lithium has two electronic shells: the 
mnei containing two electrons and the 
other one electron. 

On passing on from lithium to beryl¬ 
lium, from beryllium to boron and so on, 
every time the nuclear charge increases 
by one unit, the exterior shell acquires 
one more electron as long as this shell 
is not occupied by eight electrons. This 
is attained with neon (No. 10) an inert 
gas, with which the second period ends. 


atom Na atom Cl 



Sodium, the element following neon, 
has two shells containing 2 and 8 elec¬ 
trons respectively, as in neon, and 
above it lies the eleventh electron at a 
much greater distance from the nucleus. 
Thus, with sodium, the thiid shell already 
begins. In this study we found out that 
the number of electronic shells in an 
atom is equal to the number of the 
period in which the element is present. 
In the outermost shell of the atom of an 
element, belonging to each main sub- 
gioup, the number of electrons present 
is equal to the number of the group. 

The theory of the structure of the 
atom and the periodic law serves furthei 
as a basis for studying the theory of 
chemical bonds and valency of elements 
in the light of the clectionic structure 
of atoms. The electronic theory of the 
slructiue of atoms explains how atoms 
combine into molecules. This theory is 
based on the fact that a completed outer 
electronic shell, as in the case of inert 
gas atoms, is found to be a particularly 
stable grouping of electrons. Hence, 
inert gases do not take part in chemical 
reaction. 

In the typical metals, the outer elec¬ 
tronic shells are least complete: in alkali 
metals only one electron is present in the 
outer electronic shell while in metals of 
the second group, two are present and 
Thus, a metal can give its outer 

Ion Na Ion Cl 




so on. 
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elections to a non-metal, and a positive 
charge is produced on the atoms of the 
metal and at the same time the non- 
metal atom acquires a negative charge, 
For example: Charged atoms (or group 
of atoms) are called ions. If positive 
charge is depicted by the symbol plus 
and the negative charge by the symbol 
minus and the electron by tlie letter c, 
then the reaction already considered 
may be expressed in the form of the 
following equation; 


2No 


2a 

+ 



-f" — 

2Na + 2CI 


The bond formed between atoms by 
shilling of election pairs is called the 
atomic or covalent bond and the com¬ 
pounds with atomic bonds are called 
covalent compounds. 

The covalent bond exists not only in 
molecules of simple substances but also 
m the molecules of compounds between 
diffeicnt non-metals 

The feumation of such molecules are 
often depicted schematically, in which 
Hie common pair of elections aie plac¬ 
ed neaier to the symbol of that atom 
lowaids which they are displaced. 


The chemical bond between ions is 
called tbe ionic bond. 

Not only atoms of different elements 
but also of the same element combine 
with one another forming molecules of 
simple substances, for example F, Cl 
etc. And in these cases the union of 
atoms into molecules provides for the 
completion of the outer electronic shell 
of the atoms forming stable shells. But 
this is realized in a manner diffeient 
from the manner in which such a stable 
shell is formed in the case of the forma¬ 
tion of ionic compounds. On combin¬ 
ing two atoms into a molecule, the two 
elections of the two atoms of fluorine, 
one electron from one atom and another 
from the other atom of fluorine, be¬ 
come common for both the atoms. 
Such electron pairs will be represented 
by two dots placed between the symbols 
of atoms. ; 


: f . + * f * 

„ , • 


* • M 



• • « • 


• • • • • 

H -t-.CI l = H r Cl • 


If the bond is formed by sharing of 
an election pan, tiansferred fiom one 
atom to another, then such a type of 
atomic bond is called a polar bond. 

The theory of electronic structure of 
atoms has helped in understanding the 
physical meaning of valency. On the 
basis of structure of atom, it is easy to 
see that theie is a lelation between the 
valency of an element m the main sub¬ 
group and the structuie of its outer elec¬ 
tronic shells. The highest valency, 
which an element can show in compound 
formation with oxygen is equal to ,the 
number of electrons in the outer ele¬ 
ctronic shell of the atom, llic valenca 
v of an element in an ionic compound is 
equal to the number of units of chaige 
on its ion. Foi metals the charge is 
positive while for non-metals it is nega¬ 
tive. The valence of an element in a 
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covalent compound is equal to the num¬ 
ber of election pans, uniting its atom 
with the atoms of otliei elements. After 
this, it is possible to pass on quite 
naturally to the study of the general 
pioperties ol solutions, electrolytic disso¬ 
ciation and modern ideas of oxidation 
reaction m Class IX. 

On such a theoretical basis we study 
such metals in class X as calcium, alu¬ 
minium, iron including their metallurgy. 
After the metals come the non-metals 
that are lepresentative of the principal 
sub-gioups oxygen and sulphur, nitro¬ 
gen and phosphorus are studied and 
finally a study oi carbon and silicon faci¬ 
litates the study of organic chemistry. 

The course of organic chemistry has 
for its foundation the successive appli¬ 
cation of A. M. Butlyerov’s theory of 
the chemical structure of organiic sub¬ 
stances. Aftei accumulating certain 
facts requiring thoretical explanations 
pupils aie given A. M. Butlyerov’s theory 
of chemical structure. The first facts 
requiring such explanations appear with 
the study of homologous series of satu¬ 
rated hydrocarbons and their isomerism 

Generalizing seveial scientific data, 
A. M, Butlyciov came to the conclusion 
that to explain them, it is necessary to 
look into the structure of molecules. 
Butlyerov piovod that molecules of 
organic substances had fixed structure 
which can be established experimen¬ 
tally, Consequently each substance can 
have only one chemical formula The 
study of building up of molecules from 
atoms is called the ‘Theory of Chemical 
Structure’, 

The fundamental propositions of the 


theory of chemical structure can be 
formulated thus: 

1 Atoms are not crowded in a hap¬ 
hazard manner in molecules. They 
are joined to one another in a 
fixed sequence. 

2, The combination of atoms into 
molecules occurs according to 
their valencies, since no valency 
unit of the atoms can lemain un¬ 
satisfied. Carbon is tetravalent in 
organic compounds, 

3. The properties of substances are 
determined not only by the type 
of atoms in the molecule and the 
proportion in which they are pre¬ 
sent, but also in the order in 
which these atoms are joined into 
molecules, 

Based on the theory of chemical struc¬ 
ture, one conies to the conclusion that in 

the molecules of saturated hydrocar¬ 

bons, starting from butane the older in 
which the atoms aie joined can be diff¬ 
erent. 

Thus, in butane C 4 H i0 the atoms 
can be arranged in two ways in the 
form of a straight chain 

till 
-C-C - C — C — 

■ i i i 

and in the form of a branched cham. 

l I I 

~ c _ c - c - 

I I I 

-c - 

I 

Substances having the same composi¬ 
tion and same molecular weight but 
different molecular structure and hence 
different properties are called isomers, 
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Structuial formulae of substances 
reflect only order of atoms’ linking to 
each other. In reality molecules of sub¬ 
stances represent stereo figures, e. g., 
molecules of methane represent a tera- 
hcdron with an atom of carbon in its 
centre and atoms of hydrogen, in its 
four apices. 



Model of a Methane Molecule 


As is seen from the picture of the 
model of molecule of methane, the 
atoms ol hydrogen arc not separated in 
it from the atom of carbon. Since car¬ 
bon and hydrogen are not the elements 
greatly differing in their chemical pro¬ 
perties (both of them are non-metals), 

H 

h : o; h 

• • 

H 

electrons when combining do not pass 
over from one atom to the other but be¬ 
come common constituting electronic 
pairs. 

As a result the’ atom of carbon gets 
on outer octoelectronic shell, and the 
atoms of hydrogen—completed outer 
organic substances. 



Scheme of Structure of a Carbon Chain 

Valent bonds of an atom of carbon 
are diiectcd to the apices of a tetrahe¬ 
dron; thus they are situated at an angle 
to each other. These directions are pre¬ 
served even rn ease an atom of carbon 
is combined with other atoms of the 
same kind. 

According to the structural theory 
hydiocaibons, molecules of which have 
the composition Cll a , CII 3 , C 2 H 5 etc., 
cannot exist in natuie, In such group¬ 
ing of atoms, the. caibon valencies aie 
not fully satisfied. Actually scientists 
could not piopaie stable compounds of 
this composition. However such parti¬ 
cles can be formed for a short duiation 
during the course of chemical reactions 
and then go to compose new molecules, 
Group of atoms obtained by removing 
one or more atoms of hydrogen from 
the molecules of hydrocarbons, are call¬ 
ed liydiocaibon radicals 

The presence of a free unpaired ele¬ 
ctron explains instability, high ability of 
reaction of a radical. With the help of 
this electron, it quickly establishes a 
new covalent bond with an election of 
another atom or radical e.g.,: 


H H H 



After this the theory of structure is 
employed as scientific means for com¬ 
prehending the chemical properties of 
organic substances. 



Central Leather Research Institute 

Around tin* Research Laboratories in India 


L EATHER is one of the earliest 
products that man lias used and 
is using m the* modern days. It is 
associated with the very history and 
civilization ot mankind. We wear 
leather, walk on it, .sit on it hut 
seldom do we talk about it or attempt 
to know anything about it. 

Leather has been serving a multitude 
of human needs, both m peace and m 
war, since time immemorial. Tin* cave¬ 
man used it for covering his body, the 
forest dweller for Ins bows and arrows', 
and the modern man uses it for over 
300 different purposes, personal, indus- 
tiial and defence. Defence lequirc- 
ments have assumed special importance 
in the present context; leather is parti¬ 
cularly needed fen boots for our jawans 
operating under severe wintry condi¬ 
tions at high altitudes. 

The superiority of leather over other 
products Ires in the fact that it com¬ 
bines a number of unique properties 
and can be tailored to suit many 
specific purposes. For prestige, dis¬ 
tinction, individuality and unique 
quality, for style and comfort, for 
health and hygiene, there is nothing 
like leather. 

Appreciating the importance of 
reseaich for the development of the 
Indian leather industry, the Central 


Lratlin Research Institute was set up 
m Madras in the. year 1953 by the 
Council of Scientific and Industrial 
Reseaich. Madras was selected for 
the location of the Institute because 
it is one of die main centres of the 
Indian leather industry. The Govern¬ 
ment of Madras gave as a gift a site 
corning 81 acres in Guindy, Madras. 
It also spent 11s. 3 07 lakhs in reclaim¬ 
ing the site and diverting the road 
running through it. The foundation 
stone of the Institute was laid on 
April 24, 1948 by the late Dr. Shyarna 
lhasad Mukheijeo, the then Minister 
for Industry &: Supply in the Govern¬ 
ment of India. The Institute was 
declared open by Sliri T. T. Krishnama- 
ehuri the then Minister for Commerce 
& Industry on January 5, 1953. Dr. 
N'ayudaimna has been the Director of 
this Institute, since sometime after its 
inception, 

Aims and Objectives 

The Institute has been established 
to conduct research in leather manu¬ 
facture to ensure that the benefits of 
new discoveries in that particular 
science and technology are made avail¬ 
able to the Indian leather industry 
and to promote its development on 
modern lines. The problems that face 
the industiy are collected from time to 
tune through visits and enquiries and 
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by keeping in close touch with the 
industry and its activities. The le- 
searcli programme is planned to solve 
these problems and serve the imme¬ 
diate needs and demands ot the 
industry. Each problem is tackled by 
n team of reseat eh workers and the 
results are tianslated and process 
developed, thus making them ready 
for immediate commercial exploitation. 
The knowledge so gained is effectively 
disseminated m the industry by various 
means. 

The Story of Leather 

Not many know how lent li e i 
is produced. The slmy of its pi educ¬ 
tion begins with the raw material — 
hides. The raw hide or skin of a 
dead 01 slaughteied animal is first 
cured by lcmoving the water it con¬ 
tains by simple drying, or by the 
application of salt so that it can be 
preserved foi a period oi three weeks 
to one year, depending upon the 
method of curing. 

When the cuied or preserved mate- 
lial reaches the tanner, undesirable 
constituents like hair soluble proteins 
and interfibrillary matter are removed 
by soaking, liming and bating. The 
hair and the. flesh are mechanically 
removed. The, matenal obtained after 
utihairing and fleshing is known as pelt 
in the tanner’s language. It' is a net¬ 
work of interwoven protein fibres. 
This pelt is then tanned with solutions 
of certain vegetable barks, fruits and 
pods or synthetic organic chemicals, 
or mineral tanning agents, such as 
chrome, aluminium and iron salts, 


The tanning mateiials react with the 
active groups of the. protein in the 
poll and pioduce leathei which is now 
non-putrefiable and is resistant to 
heat, hydrolysis and bacteria. 

This leather next receives a number 
of finishing treatments, like shaving, 
splitting, staking, setting, drying, buf¬ 
fing, etc It is then dyed, curried and 
glazed to ensure the desired degiee 
of colour, gloss and softness. This 
tieatment is usually given to chrome 
leather Vegetable-tanned sole leather is 
oiled, dried, seasoned and rolled to make 
it icsistant to weai and water 

Snell rs the stoiy of leather—Nature’s 
own miracle fabric—which is processed 
by the tanner to meet our growing 
day-to-day demands. 

Long Tradition 

India is the single largest livestock 
holder in the world. The leather 
industry in India is perhaps as old as 
civilization; it has been, however, 
essentially a craft practised by the 
many in far flung villages. It produces 
every year goods worth Rs. 500 mil¬ 
lion, and earns about Rs. 350 million 
in exports alone. The largest single 
item of use for leather is footwear, 
which accounts for 75 per cent of the 
leather consumed in the country. At 
present 80 per cent of leather is pro¬ 
duced in the cottage and small scale 
industries sector, where the level of 
technical knowledge is not high and 
the industry continues to be based 
more on traditional knowledge than on 
modern scientific methods. 
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Although the Indian leatliei industry 
already plays an important role in the 
national economy of the countiy, its 
contribution could be substantially in¬ 
creased by the adoption of improved 
lnannfactuiing techniques, and the. 
development of such techniques will 
be possible only tlnough leseuich. 

Face-Lift for Ago-oUl Industry 

The type of wmk being done at 
CLRI —as this Institute has come to 
be popularly known — can well bo 
summed up in these words ; 

(a) conducting research to develop the 
technical know-how for the better utili¬ 
zation of indigenous materials and pro¬ 
duction of a wide vaiicty of quality 
leathers to meet the needs of domestic 
and loicign markets 

(b) Improving of traditional methods of 
Ieathci pioduetion. 

(e) Dissemination of know-how deve¬ 
loped at the Institute to the, industry; 
and tiainmg of technical personnel. 

The leseaich programme of the 
Institute is geaied to meet the needs 
of the leather industry. In formulat¬ 
ing its progiamme, the Institute invites 
suggestions and holds discussions with 
manufacturers and consumers, thus 
gauging their present needs and future 
requirements. 

New Tricks for Old Craftsmen 

Foi curing and preserving hides and 
skins, khari and common salts are 
geneially used in India. Marine salt 
curing tends to damage raw hides and 
skins through red heat and salt stains, 


while khari salt cunng loads the mate¬ 
rial with earthy mattei. To eliminate 
these defects, CLRI has prepaied a 
salt mixture possessing good curing 
pioperties; it has been repeatedly 
tested and found effective both by 
importers and exporters of dry slated 
skins. Studies have shown that cured 
hides and skins can be stored satisfac¬ 
tory at 60 to 70 per cent relative 
huimnidity and 15—20°C. Work on the 
control of bacteria and pests that cause 
damage to raw hides is in progiess. 

Though the processes employed 
by die collage and small-scale tanners 
serve the purpose, they can be greatly 
improved by the introduction of fast 
and economical methods. In the early 
stages, the Institute gave much atten¬ 
tion to the study and understanding 
ol traditional processes, such as E-l 
tanning bag tanning, unhailing by akh 
latex, etc. Developmental work was 
subsequently taken up to improve the 
processes. For instance, the duration 
of the peiiod of tanning sole leathei 
has been cut down from 3 to 6 months 
to 3 to 4 weeks through improved 
piocesses. Tile indigenous bag tanning 
process which yielded leather of poor 
quality m less time and at less cost. 

Indigenous tanning materials are not 
popular with large-scale tanners be¬ 
cause of their objectionable colour, 
slow rutes of penetration and fixation, 
and susceptibility to oxidation. The 
pioblem of correcting these defects 
has been engaging the attention of 
the Institute for some time. It has now 
been demonstrated that the tanning 
characteristics of some of these mate¬ 
rials can be improved by chemical 
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modification or by using them blended 
with othei tanning agents. Over 15 of 
them, individually or in blends, have 
been iound to be promising substitu¬ 
tes foi wattle bark, which is impoited 
fiom abioad at great cost. 

R mu Materials 

Eighty per cent of the value of 
finished lealhei is accounted foi by 
raw hide. In India the quality of the 
raw hide is poor and the job of the 
leather technologist is all the moie 
challenging, since he has to make a 
good leathei out of a bad hide. Stress 
has therefore been laid on methods 
of improving upon the quality of the 
raw hide, on its propei preservation, 
shoitage and tianspoit and also on 
determining the effect of breed, feed, 
age, sex, regional conditions, etc., on 
the quality of the hide and the leather 
pioduced therefrom. A monogiapli 
based on such a study indicating the 
biological, histological and bacteriolo¬ 
gical characteristics of the raw hides 
and skins of the different legions of 
this country has been a welcome con¬ 
tribution to the industry. Better 
methods of preservation by using CLRI 
cuiing salt, by the addition of zinc 
chloride and other pieservatives have 
been proved to be of advantage to 
the industry. 

Another important raw material foi 
the tanner is tanning material. India, 
to-day imports wattle extract to the 
tune of about 12 million rupees annu¬ 
ally. A number of indigenous tan¬ 
ning materials have been screened and 
some of them have been proved to be 
suitable substitutes for imported wat¬ 


tle. But as the various tanning mete- 
lials are available only in small quan¬ 
tities, then use m blends is suggested 
Attempts aic being made at present to 
piocluce such blended tanning extracts 
from the indigenous materials for tan- 
neiy tnals in the industry. 

The otliei materials required by the 
industry arc the leather auxiliaries like 
unhairing agents, synthetic tannins, 
finishes, oil pioducts and the like. The 
present clay demand is mainly met 
tluough import. 

The intensive work carried out at 
this Institute has been the basis for the 
production industries of a number of 
leathei auxiliaries using indigenous 
materials. Enzymatic bates, synthetic 
tannins, fat-liquois, scryhc resin emul¬ 
sions, neat’sfoot oil, finishes, adhesives, 
shoe polishes and mineral tanning 
exliacts come undci this category. A 
number of these products produced at 
CLRI have been repeatedly tested by 
the industry and reported to be good. 
It is hoped that the chemical industry 
will come fonvard to make full use of 
the available know-how in this regaid, 
Some of the products like fat-liquors, 
bates, etc., have alieady been taken up 
by the industry. 

Know-How and Know-Why 

Till recently a wide variety of 
leathers like belting leather, picking 
band, etc,, were imported into India, 
Today India does not import leather 
or leathers to any extent. On the 
other hand it imports raw hides for 
the production of finished leathers. 
This is because the progress 
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that lias been made by the intelligent 
Indian tannci by himself and also 
because of the leady availability of 
this know-how with the GLRI for 
manufacture of wide variety of leath¬ 
er like sole, uppei, upholstery, indus¬ 
trial leathers, sports goods leathers, 
etc. In this inspect CIRRI has made 
considerable headway. Process' have 
been woikecl out for pioducing a 
variety of leathers including upper 
leathers like box and willow sides and 
glazed kid; industnal leathers like 
belting leather, rollci skins, picking 
bands, round belts, washers, dia- 
pluagm and hydraulic leathers; fancy 
leathers. The CLRI has not only 
helped to piovide to the Industry with 
the technical know-how for any type 
of leather but it has also induced the 
tanner to take up to this know-how by 
providing the market for these leath¬ 
ers in some cases. Know-how has also 
been provided for improving the exist¬ 
ing processes, i educing the process 
time, cutting costs, etc. 

What is more important, however, 
for the progress of any industry is the 
availability of ‘know-why,’ The accu¬ 
mulated knowledge, experience and 
know-why’ m regard to the manufac¬ 
ture of the wide variety of leathers 
has made it possible for the CLRI ex- 
peits to go to the rescue of the tan¬ 
ner whenever and wherever he is in 
trouble with regard to his production. 
If only to indicate, that research is not 
done in a monastic environment and 
that research pays, GLRI has gone out 
to assist commercial tanneries to run 
them on profit. 

As the know-how is now available, 


the manufacture of picking bands, 
belting diaphragm and oil seal leatheis 
has been taken up by the industry and 
considerable saving in foieign ex¬ 
change has become possible 

Similarly, the Institute is alive to the 
fostering of expoit trade and is equip¬ 
ped for providing technical advice on 
the production of leathers intended for 
expoit. For example, the Institute has 
standardized piocesses for making 
sports goods leathers, garment leathers 
and water-proofing of sole leatheis, for 
softening bristles and foi arresting 
mould growth on leather goods. 

GLRI has also foiged ahead in solv¬ 
ing the problem of utilization of 
inferior hides for pioducing leather of 
good quality. Since theie is a ban in 
our country on cow slaughter, most of 
the hides available aie mostly taken 
from animals, which meet with natural 
death, and these aic of poor quality. 
The Institute has developed processes 
for producing good quality leather from 
such hides. 

Investigations have proved that 
buffalo hide, which is used at present 
for making heavy leathers only, can 
he effectively and fully utilized for 
the manufacture of other types of 
leathers also. 

Buffalo hide is normally available in 
tlncc grades: heavy, medium and 
light. Extra heavy hides can be used 
for making industrial leathers, like 
picking band, belting leather and 
washers. Heavy and medium hides 
can he split up into three layers. The 
top layer can be used for making 
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uppei leatheis, the second layci for 
case and baggage leathers and the flesh 
split for chamois and lining leathers. 
Light buffalo hides find use in making 
cheap quality bottom and shoe upper 
leather like kattai and banwar, At CLRI 
pioneering work has been done to pro¬ 
duce sin unken grain leathers from 
buffalo hides. 

The foimulation of standards for 
diffeient types of leathers is of consi¬ 
derable importance for domestic and 
foieign markets and the Institute has 
been actively assisting the Indian Stan- 
daids Institution in framing standaids 
and specifications for leathers. 

Tannins, Auxiliaries 

In the process of leather manufac¬ 
ture, several types of auxiliaries, such 
as oils, pigment finishers, fat-liquors 
and adhesives, are used. At present, 
many of them are imported. Work 
done at CLRI has shown that many 
tanning auxiliaries can be produced m 
India from indigenous materials, Enzy¬ 
matic unhairing agents and hates, fat 
liquois, emulsifiers, water-proofing 
compounds, leather finishes, synthetic, 
mincial, vegetable and oil-tanning 
agents, adhesives and shoe polishes 
have been piepared at the Institute. 
All these compaie favourably with 
unpoited products in quality and 
price. 

Show-How 

The Institute firmly believes that it 
is not enough to conduct research and 
develop the ‘know-how.’ This “know¬ 
how’ should he immediately trans¬ 


mitted to the industry As the level 
of education and the economy of 
the tanning industry in the countiy 
aic lather low, a simple and direct 
policy has to be adopted to dissemi¬ 
nate the scientific knowledge. This 
dissemination, thciefoie, is done by 
simple ‘show-how,’ i.e., by piactically 
demonstrating the pioccss fiom ‘raw 
to finish’ to the tanners either at the 
Institute or in then tanneries in the 
different paits of the countiy. If the 
pioduct is good and the process eco¬ 
nomical, the tanner is not so unwise 
as not to accept it. If it is not pro¬ 
fitable the researchci has no business 
to disturb tbe tanner who is already 
making money. This stiaight, and 
simple policy of 'show-how’ of piofits 
you take, losses wc take, has paid rich 
dividends and lias, gamed for the Ins¬ 
titute a good deal of confidence from 
the industry at various levels. The 
Regional Extension Centres at Cal¬ 
cutta, Kanpur, Rajkot, Jullundur and 
Bombay and the various extension 
teams ol the Institute offei such diiect 
services to the tanner at his own door, 
speaking his own language 

Wealth from Waste 

It is reported that the tanneiies in 
India discard about 3,000 tons of 
swaps and trimmings evciy ycai. These 
waste materials have been utilized for 
making leather boards of desirable 
strength, thickness and softness, The 
boards aie suitable for the produc¬ 
tion of insoles, stiffenciS, leather goods, 
wallets and cast’s. Methods for con¬ 
verting split pieces mto finished fancy 
leathers have also been woiked out. 
A poultry feed which can be used as 
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a pai bill supplement t» the nonnal 
feed lias also boot) produced fiom 
waste fleshings. 

Fundamental Studies 

The fundamental aspects ni leather 
lescarch aio also receiving due emplia- 
,sis at CLRI. Valuable' contributions 
on the physical and chemical proper - 
ties of collagen, such as birefringence, 
hydro theimal shrinkage, optical pm- 
per ties and amino acid composition 
have been made. Based on a .systc- 
raatic study of the nailin' of bides 
fiom different regions, a histological 
album is being prepared. Similarly, 
.some significant contributions base 
been made on the malposition and 
constitution of tanning components and 
on the biogenesis and biosynthesis of 
tannins in plants. 

Newer Uses for Leather 

Woik at this Institute* lias also been 
directed to develop newer uses for the 
same leathern Making leathers that are 
functionally Western, but artistically 
Eastern by utilising the indigenous 
skill and cutis tic talent has brought out 
a great export potential for leather 
jackets (cmbroideicd), laminated leath¬ 
ers, Primula leathers, woven leathers 
for screens, mats, leather puppets etc, 

Blue Print for the Leather hulusinj 

The Institute in its endeavour to 
accelerate the pi ogress of this age-old 
nu'al industiy has given particular at¬ 
tention to the dissemination of scienti¬ 
fic knowledge 1 acquired through 
research. This is achieved through 
answering enquiries from industry. 


publication of piocess papers and re- 
seaieb results in the monthly bulletin 
and, last but not least, through exten¬ 
sion service The Institute sends out 
teams even to remote village tanning 
centres to demonstrate new and im¬ 
proved methods. Two Regional 
Extension Sen ice Centres of the Insti¬ 
tute me functioning in Calcutta and 
Rajkot, fom more centres are being set 
"P m Kanpur, Hyderabad, Bombay 
and Jnllnndni. The Institute conducts 
a systematic smvey of die problems 
of die leatlier industiy and under¬ 
takes piepaiatiim of plans, layouts and 
blue prints for its development in dif- 
temit states Demonstrations arc also 
an .nigfd periodically in the Institute 
itseli. An ‘open house’ is arranged in 
the Institute from time to time. 

'/‘mining of Personnel 

Training of technical peisonnel at 
all levels — for industiy, foi govern¬ 
ment organizations and for leaching 
and icsearch — is an integral part of 
the work of the Institute. To meet 
this end, the Institute conducts courses 
for H.Teeli. and M.Tecli. degree of 
the Madras University. The Institute 
lists been recognized as a centre of 
research leading to the Ph.D, degree 
by many Indian universities. Short¬ 
term practical training courses in leath¬ 
ers are organized for the benefit of 
tanners. A new scheme for exchange 
of senior technical personnel with 
those ut industry is in operation and this 
has helped tanners to acquaint them¬ 
selves with the actrvities of the Institute 
and the research workers to become 
alive to the problems of tanners. In 
order to stimulate research activities in 
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the Institute, Guest Piofessors fiom 
different parts of the country and also 
from abroad aio invited for a period of 
4 to 6 weeks. Research workcis arc 
given facilities for advanced training 
in foreign countiies. 

Information and Technical Service 

Special courses arc arranged for the 
benefit of foreign tiainees. Trainees 
from Jordan, Nigeria, Iraq, Kenya, Af¬ 
ghanistan and Philippines have already 
taken advantage of this course. The 
Institute is now conducting a special 
course for trainees from Pakistan, Phi¬ 
lippines, Thailand, Japan, South Korea 
and Formosa under the auspices of the 
Asian Productivity Organization. 

Officers of this Institute have 
been deputed to Afghanistan, Ceylon 
and Sudan as advisers under the 
Colombo Plan and the UN Special 
Funds Projects for the development of 
leather industry in those countries. 

Economics 

An economics group has been attach¬ 
ed to the Institute m order to. 

1) assess the cost of egch individual 
research project 


2) evaluate the economic returns of 
the lcsearch results and 

3) survey economic problems and 
mmketing problems of the leather 
industry m general. 

This gives a good perspective for the 
icseaichor as well as the tanner, so that 
the research planning rs geared to in 
dustnal programme for production, for 
export and the like. 

Publication 

A monthly journal in English Leather 
Science is brought out for disseminating 
the results of researches A quarterly 
in Tamil is also being published and 
it is proposed to bring out a similar one 
m Hindi in the near future. Several 
pamphlets, brochures, process bulletins 
and proceedings of symposia and semi- 
mu s have also been brought out, 

It is apparent that the present organi¬ 
zation of the Institute can render all- 
lound service to the industry, be it 
technical or economic; and CLRI may 
justly claim to have created in this age- 
old industry an awakening to the need 
and importance of research for improv¬ 
ing processes and products, and has 
thereby contributed to its progress and 
development, 



Classroom experiments 

An Apparatus For The Production of 

Hydrogen Sulphide 

R. V. Vaidya 
Patel Vidyctlaya, Gwalior 


The rout rational apparatus for 
(II S) is the Kipp's apparatus, 
schools emuurt afftud tt. In this i 
is suggested. The author claims 
si only, is easy to handle and 
apparatus. 

T HE apparatus' (Fig;. 1) consists of a 
copper test-tube, 20 cm x 3.8 cm, 
fitted with a rubber stopper, which 
cairies a gas Lap, The test-tube has a 
few holes in the bottom. It is coated 
with shellac inside and outside. 

First of all fill the test-tube with 
pieces of flint or glass balls not affected 
by add. Fill in the pieces to a height 
of about 5 cm from the bottom. 

Now, on this layer of glass pieces, 
add requisite pieces of iron sulphide 
(FeS). Then plug the mouth of test- 
tube with rubber stopper. Make sure, 
that it is absolutely air-tight. 

Next fill a wide-mouthed porcelain jar 
with dilute .sulphuric acid. Cover the 
mouth of this jar with a lead plate. This 
plate should have a hole big enough to 
allow the test-tube to pass. 

Uoiu to Use the Apparatus 

When you want the gas, put the test- 
tube into the acid in the jar and open 
die tap. The acid rushes in, comes in 
contact with the iron sulphide pieces 
and the miction starts, producing IL S. 


preparing hydrogen sulphide 
I his is rather costly and many 
irticlc an improvised apparatus 
that this can he made inexpen¬ 
is as efficient as the Kipp’s 

EDITOR 

Hns can then be led into test tubes by 
a delivery tube, as is done in Kipp's 
apparatus. 

if you shut off the gas by closing the 
tap, the. pressure of the gas which still 
continues to be produced, forces the 
acid out of the tube through the bottom 
holes and the iron sulphide pieces no 
longer remain covered with the acid. 
Consequently, the reaction slowly stops 
The test-tube is still full of the gas. If 
you want gas again, open the. tap. Tiro 
ston'd gas will first be available; then, 
more gas will be supplied by the same 
reaction as stated above, 

When the apparatus is not in use take 
out the test tube, drain out the inner 
acid and keep it dipped in watei so as 
to prevent rusting of the iron sulphide 

pieces. 

Advantages Over Kipp's Apparatus 

At present Kipp's apparatus is general¬ 
ly used for generating H 2 S gas. The 
apparatus described above has many 
advantages over Kipp’s apparatus. 

1. Its cost is extremely low in com¬ 
parison. 
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2. There is practically no fcai of 
breakage and once the apparatus is set 
up it will last for years The* cop¬ 
per test-tube, being coated either with 
shellac or lead, does not gel spoilt. The 
stiong china-—ne jai does not break 
easily. 

3. It is as efficient as Kipp’s apparatus. 
It can give a currcnL of gas continuously 
foi 15 minutes at a stretch. 

4. A breakdown can be easily remedi¬ 
ed. If there is a failure of the gas sup¬ 
ply, it can only be due to three causes* 

(a) In ease the gas is drawn for a 
long lime continuously, the strength of 
acid inside the. tube probably falls. 
The remedy is to open the tap, lift 
the test-tube out for a few seconds 
and replace it. There will be a fresh 
supply of acid and the gas current 
will start afiesh, 

(b) If iron sulphide (FeS) pieces 
are used up, which will be evident if 
remedy (a) fails, then you have only 
to open the rubber stopper, add a 
few pieces of iron sulphide to the test 
tube and leplace it in position. 

(c) If the stock solution weakens 
you have to lemove the test tube, 
add some strong acid to the. jar and 
replace the tube. 

In the case of the Kipp’s apparatus 
under any of the above three cases, the 
whole apparatus has to be dismantled. 
This becomes a job in itself, and you 
have to wait for a long lime to get a 
fresh supply of gas again The danger 
of breakage is inherent in this opera¬ 
tion 


5. In Kipp’s apparatus, when the non 
sulphide pieces become smaller, they 
base to Ire discarded but here every bit 
of iion sulphide can be used. Only 
\ei\ small pai tides escape tlnough the 
I idles 



This apparatus is thus better than 
Kipp’s apparatus m all respects. In this 
apparatus we can increase the gas pres¬ 
sure to any extent, This depends upon 
the length of the, tube, the height of the 
acid vessel and the position of the iron 
sulphide pieces in the lube. The pre¬ 
sent dimensions have been so adjusted 
that when the gas is released it wall en¬ 
ter the. lest tube at a low pressure so 
as to avoid spin ling out of the solution 
from the test tube—an accident that 
generally happens in Kipp’s apparatus. 
The. difference in the levels of acid in 
and outside the tube is kept at about 
14 cm. The dimensions as well as the 
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number oi the hottoin linh\s also plays 
a part in developing the gas pu-ssme 
This is nioie or less a mattui of cvpeii- 
m ental adjustments ratlier than one of 
mathematical calculation The winking 
piinciplc remaining unchanged, modifi- 


eations in the dimensions of the diff¬ 
erent pails and in the quantities of the 
material used in this apparatus can be 
introduced by science teachers if they 
desire to make such an apparatus for 
use in their schools. 


Science And Culture 


'Science and Culture' helps one to keep abreast of the advancements of 
science ad technology in India and how science is being applied in this country 
to the service of our people Every issue of the journal has, as its regular feature, 
til An Editorial dealing with problems where science impinges on national 
and international questions of typical interest from the scientific 
view-point; 

(ii) Articles written in popular or semi-popular language on scientific 
subjects by competent workers in these fields, 
tiii) Notes and News containing notices and news of scientific interest of 
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Make Your Own Paper! 


Y OU can make paper at home or in 
) our classroom exactly in the same 
way as it is manufactured in the paper 
nulls, Of course it would not possess¬ 
ore quality or smoothness of the pa- 
pei on which this journal is printed 
But it would be your paper! 

Newsprint and cheaper grades of 
paper for other purposes are made 
from wood, cotton rags, straw and simr- 
lar materials. You can make your pa¬ 
per from old newspaper much in the 
same way as is done in a paper mill. 
All you need are the following: four 
full sheets of newspaper', water, a little 
kraft paper, bleaching powder, a laige 
pan, an egg beater, soap powder, an 
ordinary glass window pane, papei 
towels, sink, cooking pan, laundry 
starch, flat iron and hot water 

Take four full sheets of newspapei 
and cut or tear them into pieces as tiny 
a St you can and put these in a pot. Add 
some water so that these bits become 
pulpy. With the help of an egg beater 
beat the paper pulp until the pieces 
are well broken up. Add to this pulp 
a little paper from a paper hag, to give 
it strength. The mixture should be a 
thin paste. Add to this a couple of 
spoonfuls of soap powder and boil it 
until it is soft and all the ink is re¬ 
moved. The ink will float and may be 
skimmed off. If some of the ink sticks 
to the sides of the pan, it must be re¬ 
moved later Cool the mixture and 
save out a small sample. Add one or 
two tablespoonfuls of bleaching powdei 


M. K. Kapur 

to what is left, Keep it for half an 
hour to give the powdei a chance to- 
acl. Now compare the bleached paper 
with the unbleached sample winch you 
saved, and see the difference! Pour 
the papei mixture into about 6 to 7 
litres of water in a laige pan so that 
it becomes a diluted mixture, Stir this 
mixtuie well. 

For making your paper glossy and 
moie tough you have to add a binding 
agent or size it. For this, put a tea¬ 
spoonful of laundry staich in a little 
water, to make a paste. Add a couple 
of glasses of lioL watei and boil until 
the mixtuie becomes clear. Add a 
glass of this mixtuie to the diluted pa¬ 
pei mixture, which you made earlier. 
This starch will harden the paper when 
it is ironed at a later stage. This is 
called calendering. This also holds 
together the paper fibies more firmly, 
makes’ it glossy and holds ink better. 

Put a boaul acioss the sink. Place 
the glass window pane over that board. 
Pour the diluted paper mixtuie ovei 
the glass pan carefully and spread it as 
evenly as possible, so that the layei is 
of uniform thickness. Let it diain as 
much as it will. Place a piece of paper 
towel over the layer. Pi ess it down 
gently but fiimly to squeeze out water. 
Put another diy paper towel on top of 
it. Roll these layers and lift them care¬ 
fully from the glass pane. The new 
sheet of paper will stick to the papei 
towel. Paper manufacturers call this 
piocess ‘couching’ 
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Xmiisfi'i these .sheets to Hie table 
keeping the papei towels below and 
the newspaper slin't above. 'lake 
another piece (il papei towel, place it 
on the top of news paper sheet, Pi ess 
a warm Hat iron on it for sometime 
plus will chy the papei and make it 
glossy. To chy the paper linthei. take 
a cooking pan and put the papei sheet 
ovei it, Place all this in the oven 
You have to bo alert and look at the 
paper fioin time to time to check so that 
it is riot getting seoiclied, This pin- 
cess is called calendering and in the 
paper mills, the papei sheets are pass¬ 
ed between hot rollers called calen¬ 
ders, You can give a finish to your 
new paper by trimming the ragged 
edges so that they run stiaighl and 
even and make yom paper look like 
a paper-sheet, 

In a papei mill these \ery processes 
aie carried out continuously on a large 
scale, The- pulp, properly bleached 
and sized is poured upon one end of a 
moving screen, made of wire cloth, 
This screen acts as a filter and allows 


the water to chain though it. Thus 
the paper (cellulose fibres) is left en- 
maslied in the foim of a wet, thick 
sheet of raw paper, When the screen 
moves along, water drips off and the 
felted mat of fibres becomes sufficient¬ 
ly strong to be couched off. At the 
other end of the screen this sheet is 
fed into two large cylinders and the 
water is squeezed out The paper is 
finally diied and calendered by passing 
it between cylinders which aie heated 
inside by steam. Finally the paper is 
wound on a reel. 

For producing paper with certain 
special properties, different substances 
such as clay, rosin, dextrin, aluminium 
silicate, glue, alum, barium sulphate 
and pigments or dyes arc added to the 
pulp. Tire materials to be added de¬ 
pend upon the desired colour, degree 
of opacity, texture and weight, For 
example, rosin is added to make the 
paper resistant to ink and to prevent 
spreading. Starch, glue, dextrin and 
similar materials are used to fill up the 
spaces between the paper fibres during ’ 
sizing and to give a smooth finish, 
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Biology Teaching in West African Schools 

G. S. Puri 

University of Science and Technology, Kunmsi, Ghana 


T N the continent of Africa and in the 

English speaking countries of Asia, 
school education was basically founded 
on one of the English Umveisitics’ sys¬ 
tem of teaching. In fact, a laige num¬ 
ber of institutions still offer London 
Matriculation or Senior and Junior 
Cambridge Certificates. The Higher 
School Certificate or Secondary School 
Certificate was also based on tire Eng¬ 
lish pattern. 

This system envisaged tropical coun¬ 
tries to be extension of and similar to 
England m all aspects and for a long 
time did not take note of peculiar con¬ 
ditions that aie set by differences m 
climatic, social, economic and other 
patterns of those lands. Tire students 
aftei education were fitted into the 
clerical or other cadres of services that 
weie available to natives of these coun¬ 
tries to help their superior officers m 
running the Government and to furthest 
the interests of their colonial masters. 
For the same reasons other professions 
were poorly paid. 

Scientific and otliei technical depart¬ 
ments were established only recently 
and these weie staffed mainly from 


overseas personnel and giaduates tunn¬ 
ed in overseas institutions; again along 
fmeign lines, with foieign interests in 
view. Legal and business professions 
weie the most lucrative Civil and ad¬ 
ministrative sendees weie the next 
best 

As a lesult of the rapid development 
of science and technology in countries 
of Africa and Asia between the two 
Woild Wars iL was felt that the Eng¬ 
lish pattern of education in science 
teaching was deficient m many ways. 
Attempts were made more than once to 
revise the ouirieulum to suit local 
01 regional conditions. These changes 
did not mceL much of the needs of the 
countries concerned, but only voiced 
the new thinking in scientific develop¬ 
ment in England 01 othei Emopean 
countries. In Ficnch speaking areas 
there weie slight differences, but these 
again were suited to the French con¬ 
ditions, The powerful ORSTOM sys¬ 
tem developed by French educational 
institutions, however, helped greatly m 
the training of local personnel, hut to 
a limited extent and relatively at lower 
levels 


Paper presented at the Symposium on ‘School Science Teaching and Cuniculiini Revision’ orga¬ 
nised by the West African Science Association in Freetown, Sierra Leone, in April, 1965. 
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There was nut ninth difficulty in 
physical sciences hut the. contents ol 
biological and social sciences weie fai 
apait from those obtained in English 
pattern of school education. 'Hie open¬ 
ing of uiuveisilies of Bombay, Madras 
ami Calcutta in the middle ol the last 
eeutuiy in India did bring to light the 
unrealistic approach m sehoo] and uni¬ 
versity education But nothing much 
was done in the field of biology—that 
was often eonsideied as two sepal ate 
branches—botany and /oology—even 
at the school stage. Most of the types 
of plants and animals lor students in 
Asia and Afnca were common with 
England and the theme of study was 
laigely moiphologieal or evolutionary 
m concept. The .structure, rather than 
function, and behaviour rather than 
physiological aspects ol examples 
selected to illustrate evolution, were 
given pioniincnce both in school and m 
university education 

Wliilo India has discontinued much 
of the London and Cambridge patterns 
of education, Africa will follow it at 
least up till 1967. The Indian system 
of secondary school, however, is not 
much different from tlie English pat¬ 
tern and is thus ol limited value, will) 
the result that it produces thousands of 
high school leavers that cannot find 
suitable jobs or fit into tiro newly em¬ 
erging society in Asia, 

The position about Africa in this res¬ 
pect is much tlu i same, if not worse. It 
is, therefore, highly necessary that 
new curriculum for school education 
be developed for developing countries 
of West Africa and tire symposium of 
the West African Science Association 


is highly opportune. Firstly, because, 
lias eunlrronce will be discussing the 
theme of National Resources Develop¬ 
ment m Afnca in winch field UNESCO/ 
l'-( - A Lagn.s Conieicnce has recently 
made notable leoninmenclutions. Second¬ 
ly. we have, got befoie us recommen¬ 
dations of lire Tananarive and Addis 
Ababa eonfercnccs of UNESCO/ECA 
on school and higher education deve¬ 
lopment in Africa. These conferences 
were attended by accredited membeis, 
including some ministers and secre¬ 
taries oi education from Afiican coun¬ 
tries and action on those recommenda¬ 
tions should be taken up without much 
difficulty, 

In Ghana, we have recently examin¬ 
ed the 'A’ level syllabus of biology 
in schools on behalf of West African 
Examinations Council, and as a mem¬ 
ber of the Working Paity, I am in a 
position to make known the Ghana 
view in this respect. 

Biology in the Old Syllabus 

As already mentioned, school biology 
course in Ghana was in common with 
London and/or Cambridge systems. 
This was based primarily on morpho¬ 
logical and/or evolutionary concept of 
T. II. Huxley and other great biologi¬ 
sts of the early 20th century. On 
account of these, the biology syllabus 
for school and also for university com¬ 
prised of bits of almost everything, 
without any emphasis on a single theme, 
It provided a general grounding in 
biology. But most of the concepts have 
now become obsolete or no longer use¬ 
ful in the piesent context of scientific 
thinking in developing countries. The 
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school curriculum lays an unduly great 
emphasis on histology, anatomy, inoi- 
phology, evolution, etc. Lower plants 
arid such subjects like organisation and 
evolution of vegetative and repuidne- 
tive organs, etc. are given a gieat deal 
of time in the school as well as univeisity 
curricula. 

In the old syllabus, field work was 
haidly included. Ecology and physio¬ 
logy were lelegated to the 1 datively 
unimpoitant position in the course, 
with the result that students had no 
appreciation of the question of plants as 
pioduceis of eneigy m as natuml ic- 
souices. Similar treatment was given 
to the zoological portion of the course 
in biology. 

From eveiy point of view, a eouise 
like this in biology was considered to 
be quite out of date and out of tune 
with modern needs of education in 
developing countries of Africa and 
Asia 

New Thinking in Biological Research 

and Teaching 

From the old evolutionary concept, 
biology today has risen into two dis¬ 
tinct, though related, blanches The 
moleculai and biochemical concepts 
treat organisms as biochemical system 
and cellular unit as a molecular pheno¬ 
menon, The phase contrast and elec¬ 
tron microscopes have helped biolo¬ 
gists to understand biophysical nature 
of living tilings. Cell biology has em¬ 
erged as an important new branch and 
is bound to make immense contubu- 
tion m growth of tissues and cells. 

Biochemical lesearch has greatly 


helped to understand the phenomenon 
of nutrition and giowth. Much of in¬ 
dustrial applications in biology stem 
fiom biochemical studies. These have 
also helped to contiol disease by the 
application of insecticides and fungi¬ 
cides. Ilonnones, vitamins and anti¬ 
biotics are extremely important new 
developments in biology that must be 
given a due emphasis in any teaching 
programme. These, however, demand 
a gieat deal of knowledge of chemis- 
tiy, physics and biology that aie sup¬ 
posing sciences for a successful pro- 
gi amine of leaching and research in 
biochemistry and biophysics and must, 
as a rule, be included in cuniculum of 
univeisity education at a postgiaduate 
level. The final year of the graduate 
com so could, perhaps, be utilised for 
this aspect of biology. 

For School syllabus, ecological and 
environmental aspects of living orga- 
isins are the most appropriate for deve¬ 
loping countries. New approaches in 
ecology envisage ecosystem as a work¬ 
able unit in which the plant is taken as 
a piimaiy producer of eneigy. The 
animal is secondary pioduccr and the 
whole pyramid of life has man at its 
head The proper understanding of 
energy chains and food chains in the 
ecosystem are necessary to be included 
in a school curriculum, These are not 
new lines of thinking but their inclusion 
in school education has been considered 
to he ol importance only recently for 
developing countries. 

New thinking in biological research, 
therefore, requires that school cure- 
culum should include consideration of 
biochemical and ecological aspects 
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and evolutionary aspects be given mils 
a passing mention 

Applied Biology 

Agriculture, ion's try. epidemiology 
fermentation and industrial picserva- 
tion, etc., aio all piohlems of applied 
biology, concerned in the piuduetum oi 
food for human beings. Economic 
botany concerns itself with plants that 
are of known use, and economic zoology 
finds application m the development ol 
fisheries, animal husbandry, wild- 
game conservation, etc. Both xiarts of 
biology aie coneerned in fields of soil 
and watei consoivation and the piopci 
development of the habitat. Industrial 
developments that involve the disposal 
of waste piocluets m air or water are 
also problems. The changes in the 
rural landscape duo to urbanization, in¬ 
dustrialization, horticulture, town plan¬ 
ning, monoculture 1 , mechanization of 
agi'icuUuu*, all change to a great extent 
the position ecosystem and these must 
be considered as problems of applied 
biology, For developing countries that 
have not yet attained self-sufficiency in 
food production and are on the way 
to industrialization, applied biology 
is of the greatest importance and must 
he included in tho school syllabus in 
Afnca. 

Applied Biology and Natural Resources 

Development 

Applied Biology is gieutly concern¬ 
ed in the development programme of 
lesourees, especially of organic origin. 
Plants and animals are primary and 
secondary producers of energy respec¬ 
tively, and training and research pro- 


giammcs m the increased pi eduction 
ef the ecosv.slein are biological problems. 
Pmhlems of Man and his relationship 
with ntliei natural resources in the eco¬ 
system cannot he tackled at the univer¬ 
sity and later, if a thorough giounding 
is not done at school stage in biological 
fields. 

GHANA SYLLABUS FOE SCHOOLS 

Based on the concepts mentioned 
above and the needs of the developing 
countries, it was considered that the 
new school syllabus' at 'A’ level G.G.E. 
be orientated towards ecological and 
environmental aspects of biology. The 
Ghana Working Party formed by the 
West African Examinations Council, 
v ilh members drawn up from the 
tlnee universities, representatives from 
Teachers’ Association, Bntish Council, 
etc., discussed this question at great 
length, Professor Ewer of the Univer¬ 
sity of Ghana, and Mr. Hall of the 
Univeisity College of Cape Coast and 
the author of this article were the ex¬ 
ponents of the ecological concept and 
the syllabus now piepared is based on 
this. I may quote heie from the 
introductory note below: 

‘The biological problems of West Af- 
nea are. dominantly ecological. Ecology 
is not only the central theme of much 
research but it is the core of many 
snoio-biological questions of the utmost 
significance The present syllabus 
therefore lays major emphasis upon the 
relations of oiganrsms to their environ¬ 
ment, upon cuirent ecological concepts 
and methods, and upon the biological 
j elations of man. At the same time it 
is so constructed as to give full scope to 
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a presentation within tlii.s framework of 
physiological, biochemical and molecu¬ 
lar aspects ol biolog).’ 

‘An analysis will show that the 
mateual coveicd, apmt from a greater 
emphasis upon ecological ideas and 
methods, is very simihu to that of the 
1967 University of Cambridge JExamina- 
tions Syndicate syllabus for Iligliei 
School Certificate Biology. It differs 
maikedly from the University of Lon¬ 
don Advanced Level biology syllabus 
which is mainly based upon T. It. Hux¬ 
ley’s type system and in which ecology 
and ecological concepts receive no re¬ 
cognition beyond a sentiment that field 
studies affoid a tiaining in accurate and 
intelligent observation 

‘In the present syllabus, with the ex¬ 
ception of an initial study of a flowering 
plant and a mammal, no further types 
are specified for study. It is considered 
that it is more valuable for a pupil to 
come to a comprehension of the classifi- 
caloiy system upon the basis of a study 
of material he or she has collected, than 
from an examination of single repre¬ 
sentatives of particular organisational 
forms, a method of study which allows 
no real assessment either of variation 
within a taxon or of those features 
which happen to be peculiarities of the 
type.’ 

The main headings of the syllabus are 
given below: 

A. Organisms and Energy 

1. The ultimate source of energy. 
The energy inter-relations be¬ 
tween plants and animals. 


Sources of cncigy rn the eii- 
\ ironnient. The eneigy-flow 
between organisms. Holophy- 
tic and bolo/.oic nutiition. Pri- 
maiy and secondary producers, 
bond webs. The pyramid of 
numbeis. Water, carbon, nitro¬ 
gen and oxygen cycles. 

2. A [loitering plant as an ex- 
ample of a pnmauj producer 

(a) The lact that plants are 
composed of cells. An ele- 
mentaiy study of the chief 
chemical constituents of 
cells to p earn it an under¬ 
standing of physiological 
processes — salts, caibohy- 
dialos, amino acids proteins 
and bits. Rates of chemi¬ 
cal change, catalysts and 
enzymes. The gcneial 
structure of plant cells- 
cytoplasin, mitochondria, ri¬ 
bosomes, chloioplasts, cell 
membranes, the nucleus and 
non-living cell inclusions, 
(c) The biochemical nature of 
photosynthesis and respira¬ 
tion. Inorganic nutrition. 

3. A herbivorous mammal as an 
example of secondary produ¬ 
cer. 

B, The Diversity of Organisms 

1 . Micra-oi ganisms 

Protista (Protozoa and uni¬ 
cellular plants), bacteiia, viru¬ 
ses (including the bacterio¬ 
phages ). 
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2, Plants "1 lepioductive adaptations in 

plants and animals, as well as 


Algae — Umecllului 

and filamen¬ 
tous types 

Fungi — Parasitic 

and sapi o- 
pliylic fonns 
and yeast. 

Biyophyla — Live a worts 
and mosses 

Ferns 

Angiospeims — 

3, Animals 

A study of llu*. dmiaotoiisLcs 
of the following phyla and 
then major classes: 

Coolenleittta 

Plalyhelmintlu's 

Nematoda 

Annelida 

Mollusea 

Arthropoda 

Clioidata 

4 Classification 

The principles of classifica¬ 
tion illustrated by reference to 
the above groupings, tho con¬ 
cept of species. 

. The Organism in its Environment 

1. A comparison of the seas, the 
ircshwalcrs and the land. The 
special problems of freshwater 
as an environment including 
osmotic regulations. The spe¬ 
cial problems of land as an 
environment including a study 


problems of obtaining and 
retaining water. 

2 Environmental factors affecting 
photosynthesis and transpira¬ 
tion in plants Particular pio- 
blcnis posed by dry tiopical 
envoi onmenls and by saline 
soils and habitats, the effect of 
environmental factors including 
photopciiod on plant repioduc- 
tion, glowtli and form. 

3 The concejit of homoeostasis in 
animals illustiated by lliermo- 
icgulation and water balance 
m mammals, The particular 
problems posed by both humid 
and arid tropical environments 
and their solutions by the orga¬ 
nisms should be considered. 

'. Types of Habitat and Their Com¬ 
munities. 

1. A study of a variety of habi¬ 
tats, their fauna and floia 
including deseit, forest, fresh¬ 
water and sea. Tire biological 
inter-relations of plants and 
animals within such habitats 
including examples of commen- 
1 salism, symbiosis, saprophytism, 
parasitism. Social inter-relations 
between animals including the 
role of sign stimuli in such 
relations. The physical and 
chemical features of these habi¬ 
tats, their measurement and 
their leflection in the cliarac- 
tenstics of the fauna and flora 
which occur. A practical know- 
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ledge ot at least two such 
majoi communities, including 
one aquatic enviionment is ic- 
quircd. The impoitance and 
significance of sign stimuli can 
he illustrated by any of the 
classical ethological studies 
such as the beak 1 espouses of 
young herring gulls Social 
behaviour and its complexity 
can be illustrated and studied 
in bees. 

2. The Soil 

A study of soil as biological 
systems and theii influence upon 
the floia, including a know¬ 
ledge of methods of sampl¬ 
ing soil communities and ot 
determining the physical and 
chemical pioperties of different 
soils. 

3 The Ecosystem cruel its Dyna¬ 
mics 

The concept of ecosystem. 
Productivity and its estimation, 
Population dynamics including 
methods of estimation of popu¬ 
lation, Natality rates, moitality 
rates, age distribution, imputa¬ 
tion growth, population fluc¬ 
tuations. Competition disper¬ 
sals and migrations. Seasonal 
changes, Succession. 

4. Distribution 

Factors affecting distribution. 
Limiting factors. The concept 
of autecology. Microhabitats. 
The importance of habitat 


selection in determining animal 
distribution Elementary beha- 
vkm.s patterns, taxes and 
kineses. 

E. The Origin of Diversity, Heredity 

and Evolution 

1 Heredity 

2. The sower of veniation, Evolu¬ 
tion by natmal selection. 

3. The evidence of evolution and 
natural selection. 

I'\ Man and his Biological Environ¬ 
ment 

1 Man and his biological produc¬ 
tivity. 

Human populations: their 
numbers, age structures and 
lates of increase in relation to 
food resources. 

2. The biological consequences 
of agriculture 

The ecological effects of 
agriculture, Monoculture and 
the spread of plant diseases 
and pests. The principles of 
plant protection; chemical, bio¬ 
logical and genetical control, 
The effects of heibicides and 
pesticides on primary and 
secondary production and on 
land and in water. Deforesta¬ 
tion, overcropping, overgrazing 
and their ecological consequen¬ 
ces such as soil erosion. 
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3. The biological consequences of 
urbanization and industrializa¬ 
tion. 

The ecological effects of 
population cmicenttation, Pol¬ 
lution of water and air, its 
contiol including the treatment 
of sewage. The spread of micro¬ 
bial and parasitic diseases. 
The control of parasitic diseases 
including the control of vec- 
tois, The creation of new 
habitats such as man-made 
lakes. 

Attention should bo paid to 
the control of the following 
diseases by means of their 
vectors: malaria, sleeping 
sickness, schistosomiasis and 
liver blindness. A know¬ 
ledge of tile life cycles of 
both parasites and vectors is 
l cquired, 

4. Conservation 

Conservation of resources' 
water, soil, forest, wild life, 


fisheries, Foiest reserves, game 
reserves and national parks. 

SUMMARY AND CONCLUSION 

The picsenl day problems of Africa 
demand a new approach to the school 
education in biological studies, Firstly 
the Natural Resources Develop¬ 
ment Programme that is geared to 
development and industrialization can¬ 
not be achieved without a pioper train¬ 
ing and research m applied biological 
fields, Secondly, Africa has a tropical 
climate; soils, vegetation and animals 
and their well-being is very much 
ielated to the environmental features, 
The new syllabus in biology foi 
schools that has been recently prepared 
bv the Woiking Party in Ghana has put 
due emphasis on ecological and environ¬ 
mental aspects of biology The mole- 
eulai and biochemical aspects have also 
been considered but the old morphologi¬ 
cal and evolutionary concepts in biology 
have been hugely discarded having be¬ 
come out of date and obsolete. Parts of 
the syllabus given in the paper empha¬ 
sise plants and animals as primary and 
secondary producers of energy, 
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Sir Ashutosh Mukerji-A Tribute 

N. R. Dhar 

Sheila Dhar Institute of Soil Science 


The birth ivnirmm/ of Si) Ashutosh Mukcrji (1864-1924), 
a prut educationist of India who did yeoman service to 
the cause of higher science education tn this country, was 
celebrated only icccnthj. At a time when most senior 
posts in colleges and unireisilies, as in other sphcies , were 
held by Englishmen. Sir Ashutosh appointed Indians to 
the eluitrs of science in Calcutta University, This hold step 
marked a turning point in the Indumization of science in 
India. 
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QIR Ashutosh Mukerji succeeded Sii 
^ Alexander Pedlar as the Vice-Chanecl- 
loi oi Calcutta University in 1906. This 
post he occupied till 1914, and again in 
1922, As a young man, Sir Ashutosh 
had done some excellent research in 
mathematics. He had plenty of drive, 
energy and initiative and converted 
Calcutta Univcisity from an examining 
body into a teaching and research insti¬ 
tute. At first, he created professorships 
in humanities and organized ins¬ 
truction in Sanskrit, philosophy, politi¬ 
cal science and other subjects. But he 
realized that for the development of 
India, study and research in pure and 
applied sciences weie essential and these 
had to he organized. With gencious 
donations from Sir T. N. Palit, Sir R. B. 
Chose, the Raja of Kaira and others, he 
created professorships in physics (pure 
and applied), chemistry (pure and 
applied) botany, zoology and agricul¬ 


ture. lie also built up suitable laboia- 
toiies lor these sciences. 

During the British mlc, the introduc 
turn of the clause that ‘nono but Indians 
should hold the chairs,’ in the bye-laws 
of the. College of Science required fore¬ 
sight, imagination and strength of 
character. These precisely were the 
main ehaiacteiistics of Sir Ashutosh. In 
conliast to this, the Indian Institute of 
Science at Bangalore, which had been 
established ten years curlier through the 
munificence of Sii Jamsliedji Tala, was 
staffed by Englishmen. 

A group of British educationists in the 
Indian Educational Service, notably 
II. R. James, W. A. Arclibold and Dr. 
E. R. Watson among others, were op¬ 
posed to this move of Sir Asliutosh 
Mukeiji in the Senate of Calcutta Uni¬ 
versity, Dr, Watson, a very capable 
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chemist and an nmnriit 1 os r arch worker, 
moved a resolution to the effect that 
The Senate views with alarm the rapid 
increase of passes in the Calcutta Uni¬ 
versity examinations,' Rut Sir Aslmtosh 
Mukeiji, with great force of eharaeter, 
fought these obstacles very successfully 
and brought education m science to the 
cboi of every citizen ol India 

In May 1924, the Government of 
India organized the. fhst Congress of 
Indian Universities at Simla. Delegates 
from various universities in the 
country participated nr this Congress 
which discussed measures to improve 
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the uni\ cisitics. Sir A.sliutosh Mukerji 
v. as appointed by Calcutta University 
to lead its delegation. But all the 
delegates were shocked to learn that he 
had passed away at Patna and could not 
join the delegation. A deop sense of 
.sorrow and loss was visible on the faces 
ol all delegates. 

While paying our homage to the 
nieinoiy of Sir Ashulosh Mukeiji dining 
the centenary celebration wc musL also 
lenicniher the other gieat Indian 
pioneers of science like Aeharya J. C. 
Bose, Aeharya P. C. Bay, Sir C. V, 
Raman and Sir Jamshedji Tata, 
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r_T AVK you tun stood near India (late 
-*-•*-011 a busy evening and watched 
the flow of trallfe round the ‘island’? 
Cans, buses, scooteis and taxis rush past 
you in a frenzy of speed. Overhead 
vou might see a silvciy jet stieak across 
the sky and within seconds disappeai 
from sight. What is the motive power 
behind all this speed? Every cai, bus 
or scootei that you sec goes some time 
or the othei to a petiol station and 
gets its tank filled with oil. The engines 
in these vehicles inn on petrol and 
motor oil, while the wheels and other 
parts require gieasc. A jet plane flics 
on jet fuel while piopeller planes use 
aviation gasoline and lockets use fuels 
consisting partly of petroleum. The 
diesel engines ill locomotives, trucks, 
tiacLors, ships and boats all run on 
diesel oil. Oil therefore is really the 
powci behind all the speed you see, 

As you stand near India Gate, you 
might also see, now and then, an old- 
fashioned cart drawn by men, with a 
lamp swinging fiom its cieaking fiamo. 
This lamp burns kerosene oil. So even 
this slow outmoded cart also depends on 
oil to light its way. 

All these fuels and oils come from 
petroleum from which we also get othei 
pioducts like wax, the asphalt used on 
roads, fuel oil and the gas you get in 
eylindeis. Petioleum is a mineral found 


Oil and its Story 

S Donuswami 
Department of Science Education 
Research and Training, New Delhi 

deep in the earth in the foim of a thick 
fluid which may be daik 01 light 
colnmed, This fluid is usually called 
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■ cl tide oil- Now how did this oil conic 
(o be in the oil wells? 

Umc Oil teas Vanned 

If you waul to know the how and 
when of the stoi\ ol pelioleum, you 
will have to j»o hack nioie than a mil¬ 
lion yeais, peihaps several million 
years. Some scientists would like to 
lake you hack moie than 100 million 
veais. 

At that time the* enith was a hare 
strange looking place, Most of the land 
was covered with walet. The exposed 
land itself had many active volcanoes. 
Theic wore no tiees, no hushes, and no 
people No animal lived on the land. 

But in the wain along the shoies, the 
stoiy was different. Billions and billions 
of tiny animals and plants lived iti these* 
ivateis (Fig. 1). They were slioi l-lived 
and when they died their bodies sank 
into the mud on the sea bottom. As years 
passed, more mud from the rivois flowed 
into the sea and settled on top of these 
alongwith the dead bodies of animals 
and plants got squeezed more tightly, 
and giadnally the* layer changed into 
lock, 

The layeis of nicks so formed also 
Lindenvent many changes due to pres¬ 
sure, heat and earthquakes. In some, 
places the rock layers were, pushed 
above the level of the sea. They be¬ 
came dry land. 


A long time afterwards, perhaps 
millions of years latei, the rock layers 
again sank below the sea. Once again 



Fig. 2. 
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rivers carried sand, pebbles and dust into 
the sea, which settled on the original 
rod', Lay ns after layeis of dead ani¬ 
mals and plants wcie thus mixed with 
mud and sand and were squeezed 
together to form layers of lock Parts 
of the earth rose above the water and 
sank again many times. 

Birth of an Oil Field 

Gradually, over millions and millions 
of years amazing things happened, 
The bits of dead animals and plants in 
the rock weie heated and squeezed rill 
they changed into diops of oil The 
same process that produced oil also 
produced natural gas, Thus oil and 
natuial gas aie often found together. 

The oil and gas collected in tiny 
spaces or poies of certain kind ol 
locks, These were porous rocks such as 
sandstone Drops of oil wore held in 
the pores much as water is held in a 
sponge, 

Heie and there on the earth a layer 
of the oil seeped up to the surface 
through ciacks in the locks, Sometimes 
it formed a scum on the top in springs 
and ponds, In some places it hardened 
mto a tarry substance, 


Earhf fives of Oil 

Man is believed to have appealed on 
the eaith about a little moic than one 
million years ago, Perhaps it did not take 
him long to discover the oil on the 
sin face According to the, Bible, Noah 
used pitch to seal the seams of the Aik 
he was building, This pitch was a kind 
of asphalt foimed fiom oil seepings that 
had thickened and haidened, 

The eaily Babylonians used asphalt 
to pave their loads, The Egyptians 
burnt oil m lamps and in those days 
only the wealthy could burn ml lamps, 
The Romans named the oil patroleum, 
meaning lock oil, 

First Refinery 

Man began to experiment with this 
rock oil. lie began to distil the oil in 
iion pots with a spout at the side, He 
got hist a straw-coloured oil which 
bum l in a special lamp that he invent¬ 
ed. The equipment lie used was called 
a still because it sepaiatod the kero¬ 
sene from the crude oil by the piocess of 
distillation. Kier was the first man to 
tiy refining oil in this way, Slowly 
others built bcttei stills and pioduced 
more oil. 
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WHAT WILL LIFE BE LIKE IN 1!)H4*> 

During 1964, the British journal <\Vh- 
Scientist ran a long and remarkable 
senes called ‘The Wmld m 19114,' in 
which outslanding scientists, engineers, 
sociologists and others were asked to 
peer 20 years into the future 

The aiticles have now been collected 
in two volumes and published as papei- 
backs The first looks forward main¬ 
ly in terms o[ pine science and techno¬ 
logy, while the second contains articles 
with a more sociological slant, 

JOHN DAVY, science writer of the 
London Sunday newspaper, T/w O/scr- 
vtfi, here analyses in two reviews the 
most important trends that emerge from 
reading the predictions of experts about 
the way the world is developing. 

GEORCE ORWELL’S novel *1084’ 
was a tolaliUuian nightmare’. The 
most striking thing about the Neii 
Scientist seiies is the virtual absence 
of pessimism or sense of ciisis with one 
or two notable exceptions. The general 
mood is of careful optimism, 

An odd-man-out is the distinguished 
theoretical physicist, Professor Abdus 
Salam, who wi it os not about physics 
but about the less developed parts of 
the world. 

In 20 years' time, he says, these areas 
will still be as hungry and as desperate¬ 
ly poor as they are today. Ide sees no 
sign of the passionate social awakening 
to these problems which he believes is 


neeessaiv if they are to be solved. In 
the next 20 yeais, he hopes, a crusade 
against poverty ‘will come to be preach¬ 
ed with the fury it deserves within the 
poorei countries'. 

He continues soberly: 1 can only 
hope it remains inward turning—that it 
does not become a destructive wave of 
antagonism against those fortunate few 
among the nations of the world who 
somehow inherited most of the Eaith’s 
resouices and do not quite need them 
all’. 

Warning of quite anotliei kind comes 
horn Professor Joshua Ledeiberg of 
Stanford University in California. Pic 
is concerned with the social and ethical 
dilemmas which advances in biology 
may bring. For example, it may become 
possible, to transplant vital organs quite 
ficcly—even hearts and livers—long be¬ 
fore the moral and economic problems 
of oiganizing ‘market’ for human spare 
parts have been tackled. 

Medicine may also bring considerable 
pi elongation of life with full letention 
of strength and faculties. This will 
make nonsense of present social ar- 
langemenls foi education, lelirement, 
and much else. 

Fuithermoic, it may become possible 
to enhance intelligence or other facul¬ 
ties by treatment of the unborn child, 


From SPECTRUM, May 12, 1965 



248 


SCHOOL SCIENCE 


to decide sex, or produce identical twins 
at will. 

Most far-reaching of all, transplanta¬ 
tion of ova and storage of semen would 
mean that one mother or one father 
could in principle pass on their heredi¬ 
tary chaiacteristics to any number of 
children—making the whole question of 
eugenics an immediate social issue. 

Professor Ledeibeig says he has been 
accused of ‘demonic advocacy’ for dis¬ 
cussing these possibilities and ‘not pre¬ 
tending they aie far off’. But he points 
out that such discoveiies may emerge 
from leseaich on entnely humanitarian 
problems such as tieatment and care of 
the aged, mental retardation in child¬ 
ren, and help for infertile couples. 

Perhaps the outstanding optimist of 
the series is Dr. Wemher von Biaun, 
the rocket engineer, who believes that 
space exploration will help to unite men 
and release energies which might other¬ 
wise be channelled into war—‘just as 
the Crusades saved Europe much blood¬ 
shed by diveiting the energies of its 
fighting men to a far away objective’. 

By 1984, he says, men may have 
landed on the surface of Mars; they 
will ceitainly have flown past the sur¬ 
face both of Mars and of Venus to have 
a close look. Meanwhile, he predicts, 
there may be a large permanent astro¬ 
nomical observatory on the Moon, to 
which crews and scientists will be shut¬ 
tling as a matter of routine, 

Othei contiibutors, too, foresee much 
new astronomy being carried on outside 
the Earth’s obscuring atmospheie, and 


Piofessor Fred Hoyle predicts that 
study of the most distant reaches of 
space may produce a revolution in tei- 
restrial physics. 

He points out that although much is 
now known about the fundamental par¬ 
ticles of nature and the foices which 
act between them, the actual magni¬ 
tudes of these forces and the masses of 
the particles are not explained. Indeed, 
says Hoyle, physics is still ‘appallingly 
ugly’, full of ‘stiange numeiical values’ 
which aie unexplained 

This may be because the physicist 
has assumed that the forces he is deal¬ 
ing with can be explained ‘locally’,— 
and that they do not change with time. 
But astronomy may show, Hoyle says, 
that forces observed in the laboratory 
are m fact affected by ‘long-range coup¬ 
lings’ with the rest of the universe—and 
that quantities legazdcd as constant’ 
are actually changing veiy slowly with 
time. 

Thus astronomy could be ‘midwife’ 
to a major revolution in physics by 1984. 

Closer to home, several authors em¬ 
phasize the importance of caring for the 
Faith's natuial resources—minerals, soil, 
water, air. Water, in particular, will 
need to be most carefully husbanded. 
Consumption is soaring in advanced 
countries and less developed countries 
need much expanded supplies, not only 
for hygiene and better living standards, 
but for irrigation. 

According to M. Pierre Laffitte, of 
Pans, the world’s water supplies will 
have to be doubled by 1984, and the 
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cost may be a s taggeimg £1,000,000, 

000 , 000 . 

In tlie cities, some of the most pro¬ 
found changes will have been brought 
about by computers and advanced com¬ 
munications. Sir Gerald Bariy of Bri¬ 
tain’s Gianada Television foresees peo¬ 
ple ‘dialling’ then favouiite ncwspapei, 
which will come over by private tele¬ 
printer. Or they will dial the latest 
best-seller, a back number of the perio¬ 
dical Punch, or a classic film which will 
automatically be shown on their tele¬ 
vision screen 

Vast amounts of routine drudgeiy— 
mainly cleiical and machine-minding— 
will have been taken over by computers. 
But, as Dr. M. V. Wilkes of Cambiidge 
points out, tlieie could also he hazards. 
A man speeding along a deserted road 
at night might receive a piinted slip by 
post the next day saying a fine had 
been automatically deducted fiom his 
account—all done by concealed ladar and 
computer 

In America, the tax authorities are 
busy installing a vast computing system 
which will make tax-dodging of any 
kind veiy difficult—and many branches 
of life, Dr. Wilkes warns, ‘will lend 
themselves to continuous computer sur¬ 
veillance’. It is here, in fact, that the 
authors see some real Oiwellian possi¬ 
bilities in 1984 (in the novel, the stale 
police had concealed monitors in private 
homes and everywhere). 

There could still be spectacular ad¬ 
vances in aviation, according to Dr. M. 
J. Lighthill, Director of Britain’s Boyal 
Aircraft Establishment from 1959 to 


1964. Foi example, it may be possible 
to develop an airciaft which is ‘all 
wing’. Flying in one direction, its 
shape would be suitable for low speeds. 
For high speeds, it would slew lound, 
turning anothei section of its surface 
into the air-stream. This would give 
'variable geometry’ without having the 
movable folding wings at present pio- 
posed for advanced dual purpose air¬ 
craft. 

Finally, by 1984 Hovercraft may be 
well-established as a full blooded means 
of transpoit. Mr. Chiistopher Cocke- 
i ell, the Hoveieraft inventor, predicts 
that hoverferries will be in routine ope¬ 
ration across the English Channel and 
othei busy routes, canying 100 cars and 
some hundieds of 'passengers. And by 
1984, a leally huge trans-oceanic ‘liovei- 
lmer — possibly nuclear-powered — may 
be on the drawing-boards. 

But m 20 years time, the hover 
piinciiple may also be in use for 
ultra-fast inter-city transport, in the 
foim of ‘hovertrams’ running along 
single conciete tracks Supported on a 
tlnn-air cushion, they could attain 
speeds of 300 knots or higher, using 
only a fifth of the power needed by an 
aircraft of the same speed. 

Mr. Cockerell concludes by giving an 
example of what he regards as true 
‘1948 engineering’. Ilovertrain tracks, 
he says, would have to be aligned with 
great precision. The solution may be 
to coat them with an inch (2 54 cen- 
timeties) of special plastic, and plane 
them smooth with a special service 
tiain at intervals. 
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Even, if only a few of these predi¬ 
ctions are realized, they will obviously 
have far-reaching effects on govern¬ 
ment, leisuie, education, trade and in¬ 
ternational relations. These arc some 
of the topics treated in volume two of 
this series, which will be reviewed in 
a second article. 

PARTICLES PROM STARS DEEP 
DOWN AN INDIAN MINE 

Scientists from the University of 
Durham, England, together with work¬ 
ers from India and Japan, are studying 
neutrinos—mysterious particles coming 
from the intenoi of the stars—8,000 
feet (2,450 metres) down m a gold¬ 
mine in India. The mine is at Kolai 
and extends 10,000 feet (.3,000 meties) 
below the surface. 



An Indian team from the Tata Insti¬ 
tute in Bombay, is also working in the 
mine. Results are just beginning to be 
recorded. 


Most of the neutrinos arriving at the 
earth’s surface pass sliaight tlnough 
the earth and out the other side They 
have no chaigc and no mass, so that 
they are extremely difficult to detect, In 
addition, the earth is constantly bom¬ 
barded by the so-called cosmic rays, 
which aic chaiged particles, also arriv¬ 
ing fiom the sun and the stais. They 
can mask’ the anival of neutrinos. 

The idea of carrying out detection 
expeiiments deep inside in the Earth is 
to shield them as much as possible 
from beams of cosmic rays The deep¬ 
er the expeiiments can be placed, the 
greater the absoiption of these interfer¬ 
ing particles in the rock. 

At Kolar, the scientists have assem¬ 
bled banks of neon flaslitubes, and 
othei detecting equipment. When a 
chaiged particle passes through a neon 
tube, the gas becomes electrically con¬ 
ducting and the tube will flash. Lines 
of light are produced in the banks of 
tubes coiiesponding to the track of 
the particle and these can be recorded 
on film 

Although neutrinos are not detecta¬ 
ble themselves, they do very raiely, hit 
atomic nuclei and cause charged parti¬ 
cles to fly out A few neutrinos out ot 
the millions and millions passing 
through will hit nuclei in the surround¬ 
ing locks and produce paitides which 
leave their ‘fingerprints’ in the flash- 
tubes. And from the angles of the 
events, the scientists can tell from 
which direction in space the neutrinos 
came One oi two events of this type 
have now been recorded by the team 
at Kolar. 







SCIENCE NOTES 


251 


The present intense scientific interest 
in neutrinos arises because only they 
can escape from the intenor of stars, so 
they may be able to give information 
that no other means can supply 
Everything we know about stars, so far, 
is related to their surfaces. 

Eventually, the scientists hope to 
take their experiments down to the 
bottom of the Kolar mine. Only one 
mine in the world — in South Africa 
— is deeper than this. Ten thousand 
feet (3,00 meties) down at Kolar the 
air temperature is 130 °F. (54° C.) and 
the rocks are at 150° F. (66° C) —too 
hot to hold. 

Roy Herbert 

(From SPECTHUM June 13, 1965) 

SCIENTISTS COMBINE TO STUDY 

WORLD’S NATURAL RESOURCES 

Biological Programme 

Scientists the world over are eugaged 
in a enormous research project which 
is just beginning and in which inter¬ 
national collaboration is both willing 
and smooth. It is the International 
Biological Programme (IBP), concerned 
with ‘the biological basis of producti¬ 
vity and human welfaie’ 

The objective is to ensuie a woild- 
wide study of (a) organic pioduction 
on the land, in fresh wateis and m the 
seas, and the potentialities and uses of 
new as well as of existing natural 
resouices; and (b) human adaptability 
to changing conditions. 

This is nothing less than the future 
of -mankind. It means the systematic 
study — for the first time on such a 


scale —of the natural lesouices of the 
earth and a fresh, thoroughly organiz¬ 
ed look at how human beings develop 
to meet changes in environment, which 
nowadays may be rapid 

Undei the IBP, teams will be work¬ 
ing in all conditions fzom deserts to 
polar ice, on water and land, on ciops 
and bacteria, on food intake and 
coloui vision. Information from this 
immense effoit will be shared between 
the countnes taking part for the good 
of all of them. 

Ambitious as it is, the IBP needs a 
lot of preliminaiy arrangement. The 
money for it, which will eventually 
run to millions of pounds, is coming 
from the paiticipatmg governments, 
but the oiganization is independent of 
them. 

Headquarters foi the IBP have been 
set up m London in offices provided 
by the British Government and the 
Royal Society, which has now publish¬ 
ed details of the British contribution 
and its place m the general pictuie. 

Five-year Programme 

Most of the time from now until 
1967 will be occupied by what the IBP 
organizers call Phase 1, which is main¬ 
ly the design of research work and 
studies of its feasibility. In 1967 the 
programme will get pioperly undei 
way (Phase 2); at the moment it is ex¬ 
pected to last about five years. 

Because of the large selection of 
subjects, the IBP had to be split 
into seveial sections. The first three of 
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these are concerned, with the produc¬ 
tivity of land, ficsh water, and the sea. 
Out of these came othei obvious 
topics — conservation of terrestrial 
communities, production processes 
(such as photosynthesis, the still mys¬ 
terious piocess by which plants use 
light to grow), and the use and 
management of biological lesouices. 
The seventh and last section is con¬ 
cerned with human adaptability, which 
includes physiology, anthropology, 
sociology, and so on. 

Under the Biitish part of the pro¬ 
gramme leading up to the IBP propei, 
piactical woik has alieady begun 
Survey teams have been out to the 
desert lands of Jordan As a diiect re¬ 
sult, a national pai k lias been sot up 
and Joidan will establish in it an insti¬ 
tute for biological investigation oi 
desert and oasis conditions. 

Big Artificial Lake 

On the river Niger, where a 500- 
squai e-mile lake will be foimcd by 
damming at Kainji, univeisity scientists 
—alongwith Nigerian colleagues—aie 
studying the influence of the forthcom¬ 
ing change on the biology of the aiea 
They have now been joined by Ameri¬ 
can and African sociologists who aic 
looking at the problem of the people 
living on land which will eventually be 
under water. 

Later, bases will be set up in savan¬ 
nah country in Uganda and m tiopical 
rain-forest. Heie pioductivity will be 
studied in depth—production of tiees, 
shrubs, grasses and herbs, how they 
aie used by mammals and insects, the 


activities of piedatois and paiasites, 
and how all these things dovetail to¬ 
gether. 

These aie only examples from the 
British contiihution to the IBP, which 
has about a bundled items. They can, 
of couisc, be matched by similar ones 
horn the programmes of the other coun¬ 
tries, of which there may be about 50 
eollaboi ating. 

Need to Expand Resources 

Basie to all the woik is a concern for 
fundamental research Applied science 
has made such strides in many areas of 
biological pioduclion—in agriculture 
and fisheries, for instance—that under¬ 
standing of the processes involved in 
pioductivity lias lagged behind 

The same thing applies to medicine 
and social science The IBP is import¬ 
ant because wc need to expand biologi¬ 
cal resources urgently to feed the peo¬ 
ples of the world, But it is also import¬ 
ant because the woild and the condi¬ 
tions of people aie changing so fast 
under the pressure of applied science 
and technology that many of its present 
features will soon vanish. Part of the 
IBP’s raison d'etre is to conseive these 
as long as possible foi the benefit of 
future generations. 

At the end of 1972 it should be pos¬ 
sible for scientists to take a much moro 
comprehensive view of the teeming liv¬ 
ing systems of the earth, 

Theie may be no l evolutionary dis- 
coveiies from die IBP, but it will, at 
the very least, greatly increase our 
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understanding of the world we live in 
and so our ability to manage it for the 
welfare of humanity 

Co-operation between nations on 
topics of such moment is, by its very 
uatuic, unspectaculai. But in the long 
lun it is moie important to the future 
than many other of man’s preoccupa¬ 
tions. 

By Courtesy: British Information Sei- 
vices (see also School Science 4 (1)- 
1965). 

STUDYING THE ULTRA-VIOLET 
REGION OF THE SPECTRUM 

From an experiment conducted by 
the Space Research Group at Univer¬ 
sity College, London, Butisli scientists 
expect to add valuable information to 
their knowledge of the stars. They 
paiticulaily want to find out more about 
the very distant stars that exist far out 
m the ultra-violet region of the spec¬ 
trum. 

This region does not penetiate the 
atmosphere; therefoie, it cannot be 
studied by scientific astronomy from a 
giound-base on our planet, A specially- 
designed telescope, filed by locket into 
the zone above the bulk of the atrno- 
spheie, was launched on July 14, 1965, 
Irom the Woomera Range, South Aus¬ 
tralia, to get some of the information 
which the scientists need, and simul¬ 
taneously to transmit this information 
back to the ground-station. 

The Hottest Stars 

One of the scientists’ problems is: the 
hottest stars in this ultra-violet region 


emit most of then eneigy m it, which 
is the leason that astionomeis till now 
have been able to leain very little about 
the physical processes going on within 
them. It has long* been known that by 
nucleai processes eneigy is generated 
in the interiois of these stais, and that 
by a veiy complex system this eneigy 
eventually leaches the surface to be 
radiated as starlight. From the recent 
Woomera experiment, scientists hope to 
learn a good deal moie about this pro¬ 
blem . . 

Incidentally these ‘hottest’ stars are 
known to be immensely hotter than the 
sun, which itself is 5,700 "C, on its sur¬ 
face, and is believed to be as much as 
14,000,000°C m its interior So, in 
seeking information about the energy 
geneiated from the ‘hottest’ stars, astro¬ 
nomers aie dealing with questions of 
heat that surpass imagination. 

The equipment cairied in the ‘rocket 
telescope’ is complicated. It compiises 
three ‘plioto-multiplieis’, or extremely 
sensitive ultra-violet detectois respond¬ 
ing to different wavelengths and set at 
the focus of a large telescope mirror. 
As it picks up signals from each of the 
stars coming into the field of view, 
these are counted and amplified on 
board the vehicle, while being automa¬ 
tically transmitted to the ground-station 
via telemetry-link. 

Series of Investigations 

Of course, such signals aie only valu¬ 
able if it is known from which stais 
they emanate, Therefore, the equip¬ 
ment has to include vaiious devices ex¬ 
plaining to the scientists which stai 
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appears in the field of view at any given 
time. Also, there have to be special 
detectors, such as moon detectors, re¬ 
ferring the telescope axis to the direc¬ 
tion of the moon; aiiglow hoiizon de¬ 
tectors, to set a bearing on the faint, 
narrow band of light showing from the 
well-known ‘shell’ of glowing air situat¬ 
ed at a height of around 100 kilometres; 
and magnetic sensors referring the 
vehicle to the dnection of die earth’s 
magnetic field. All these devices are 
included to guaid against the possibility 
of failure, which might invalidate the 
ultra-violet signals themselves. 

At the moment, Univeisity College 
scientists are working on a series of 
these ultra-violet investigations. They 
want, as well, to probe the question of 
intervening dust and gas. What they 
are really doing is trying to solve a 
scientific jig-saw which they are gradu¬ 
ally assembling by close study of the 
faint light the stars give us, fitting the 
pieces of infoimation together as they 
acquire them. 

By Courtesy: British Information Ser¬ 
vices, New Delhi, 

A BREAKTHOUGH IN LOCUST 
CONTROL IS POSSIBLE 

The possibility of a breakthrough m 


locust contiol is refeired to m an article 
in the latest issue of Tropical Science , 
the quarterly journal of the Tropical 
Pioducls Institute, London. 

The aitide says, ‘In expeiiments with 
Noith AJriean locusts, two Bntish scien¬ 
tists claim that egg development is con¬ 
trolled by two endoenne glands in the 
locust’s head. By killing one of these 
glands' with chemicals it would be pos¬ 
sible to stop the locusts bieedmg, Since 
their fast lepioduction late is one of 
the factors that makes locusts particu- 
laily dangeious, this method of limita¬ 
tion could eventually prove to be moie 
effective than the poison sprays now 
used to kill them. 

‘One of the two glands contiols the 
manufacture of yolk material for the 
eggs. The other, known as the Corpus 
dlalum, transfers the mateiials from the 
blood into the eggs, ‘switching’ on and 
off as needed II the Corpus allahrn 
could be neutralized by a chemical 
agent, this would effectively prevent 
breeding.’ 

The Next Step 

The next step is for the chemist to 
undertake the task of finding a suitable 

agent. 



New trends 

in science education 

—^— 

Summer Institutes Programme 

77ie Institutes of 1965 


Forty-nine summer institutes foi 
secondary school teachers were oigamz- 
ed fiom April 26 to July 15, 1965 in 
collaboration with the vaiious univei- 
sities all over the country, as follows. 

Biology Delhi, Agia, Indoie, 

Jodhpur, Keiala, Madras 
and Ranchi 

Chemistiy: Panjab, Allahabad, Luck¬ 
now, S V. Vidyapeeth, 

Rajasthan, Vikram, Nag¬ 
pur, Osmama, Anna- 
malai, Bangalore, Utkal, 
Buidwan and Jadavpur 

Physics Panjab, Agra, Gujarat, 

Saugai, Ajmei, Maiath- 

wada, Udaipur, Sri Ven- 
kateswara, Andlira, Ban¬ 
galore, Gauhati, North 

Bengal and Patna. 

Mathematics' Delhi, Kurukshetia, Ali¬ 
garh, Allahabad, Baioda, 
Jabalpui, Nagpur, Jodh¬ 


pur, Andhra, Kerala, 
Madras, Karnatak, Gau¬ 
hati, Ranchi, Cuttak, and 
Burdvvan. 

Nearly 2,000 secondaiy school teach¬ 
ers participated m the institutes. Eighty- 
eight Ameucan expeits weie associated 
with these summer institutes as mcm- 
beis of the academic staff The teachei 
paiticipants weie as usual selected fiom 
all over the countiy, while the Ameri¬ 
can experts weie made available by 
the USAID. 

The oveiall record of the summei 
institutes foi secondaiy school teachers 
held during the last thiee years is given 
below. 

Year 

Subject - Total 

1963 1964 1965 

Biology 1 4 7 12(500)* 

Chemistry 1 4 13 19(700) 

Mathematics 1 4 16 21(800) 

Physics _ l 4 13 18(700) 


Biology Chemistry Mathematics Physics 


Total number of teachers in 
the subjects as in 1965 

16,000 

10,000 

25,000 

10,000 

Percentage of Institute train¬ 
ed teachei s as m August, 

1965 

3 1 

7 00 

32 

7.00 


‘Figures m brackets indicate the number of institute trained teachers 
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Thus by August 1965, nearly 2,700 
secondary school teacheis, he, about 
5 pci cent of the total teacheis strength 
of the countiy, weie institute trained 
and weie leady to establish in their 
own class-rooms and laboratones the 
‘new appioach’ to the teaching of theii 
disciplines. 

It would be ideal if all the teachers 
in secondary schools could have the 


benefit of institute training, but this 
perhaps may not be feasible at piesent. 
Plans aie under consideration for expan¬ 
sion of the programme of summer 
institutes as given in the following 
table so that it would be possible by 
August 1971 to have ncaily 50 per cent 
of the total number of secondary school 
teachers tiained through the summer 
institutes. 


Projected Programme oe Summer Institutes ron Secondary School 

Teachers — 1966-1971. 


Yeai 

Total 

teacher 

strength 

Percentage of teacheis 
selected for partici¬ 
pation 

Maths. 

Client . 

Phy. 

Biology 

Total * 

1966 

67,000 

1 

5 per cent 

28 

(1,400) 

11 

(550) 

11 

(550) 

18 

(900) 

68 

(3,400)** 

1967 

' 72,000 

7.5 pei cent 

44 

(2,200) 

18 

(900) 

18 
(900) 

28 

(1,400) 

108 

(5,400) 

1968 

75,000 

10 per cent 

61 

(3,050) 

25 

(1,250) 

25 

(1,250) 

39 

(1,950) 

150 

(7,500) 

1969 

79,000 

10 per cent 

64 

(3,200) 

27 

(1,350) 

27 

(1,350) 

41 

(2,050) 

159 

(7,950) 

1970 

84,000 

10 per cent 

67 

(3,350) 

29 

(1,450) 

29 

(1,450) 

43 

(2,150) 

168 

(8,400) 

1971 

87,000 

10 per cent 

70 

(3,500) 

30 

(1,500) 

30 

(1,500) 

45 

(2,250) 

175 

(8,750) 


*50 participants per institute 

**The figures within the biackets indicate the number of participants in the institutes 


Position of institute-trained secondaiy school teacher as in August, 1971. 


Mathematics 

17,000 

49% 

of 

35,000 

teachers. 

Chemistry 

7,000 

. 47% 

or 

15,000 

teachers. 

Physics 

7,000 

47% 

or 

15,000 

teachers. 

Biology 

11,000 

50% 

or 

22,000 

teacheis, 




Mews and notes 


SCIENCE AND MATHEMATICS 
TEACHING PROJECT UNDER 
THE UNESCO TECHNICAL 
ASSISTANCE PROGRAMME 

In close consultation with the 
Unesco Experts working in the Depart¬ 
ment, four different teams are working 
to develop a syllabus for teaching the 
Sciences as independent disciplines of 
physics, chemistry, biology and mathe¬ 
matics in class VI and chemistry in 
class VII. The syllabus for each sub¬ 
ject has been finalized for the middle 
and secondary stages. At picsent the 
work on class VI is in progress. The 
teaching materials and teacher guides 
have been prepaied in each subject m 
order to guide teachers as regards de¬ 
monstrations, student activities, etc. 
When the manuscripts for all these sub¬ 
jects axe leady, they will be translated 
into Hindi and printed foi use in the 
schools m an experimental project. 

The Department with the coopeiation 
of the Duectorate of Education is try¬ 
ing out this syllabus in 12 schools in 
Delhi as an experimental project. The 
teachers of the three subjects — physics, 
biology and mathematics in each school 
were brought togethei in an Orientation 
Seminar at the Government Higher 
Secondaiy School, Alipur Road, Delhi, 
on September 23 and 24, 1965, The 
conference was addressed by Dr. D. S. 
Kcthan, Chairman, University Giants 
Commission and Shii L. S. Chandra- 
kant, Joint Diiector, National Council 


of Educational Resealch and Training. 
The Unesco Experts and the members 
of the Department of Science Educa¬ 
tion explained the scope of the experi¬ 
ment to the participants through work¬ 
ing papers and discussions 

It was pioposed that with the teach¬ 
ing materials supplied to them they 
should commence teaching the dif- 
fcient disciplines in theii schools 
according to the pattern described m 
the pioject. The teachers of each 
subject would meet separately once 
cveiy week in the school when a 
Unesco Expert and a membei of the 
Department of Science Education would 
tell them how to proceed with theii 
lessons and about what experiments 
would have to be conducted. The 
experts would also get the leactions of 
the teachers to the pioject, which would 
be used as feed-back. The experts 
would also be visiting the schools dur¬ 
ing working houis periodically to see 
how the woik was being cairied out. 

PREPARATION OF DRAPT SYLLABUS 
IN SCIENCE EDUCATION FOR 
EDUCATION COMMISSION 

In consultation with the Department 
of Curriculum, Methods and Textbook, 
this Department has produced a draft 
syllabus in Science for elementary class¬ 
es I to IV and in individual subjects 
(physics, chemistry and biology) for 
classes V to X. This will be consi¬ 
dered by the Education Commission. 
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The Seminar on STS Summer Schools in progress. 


The cuniculum consists of. 

1 ) Science component of the sub¬ 
ject ‘Study of Environment 1 for 
classes I and II. 

ii) Geneial Science Syllabus for 
classes III and IV 

m) Syllabus foi classes V to X in 
biology and physics, and rn 
chemistry foi classes VI to X. 

The cuiriculum was prepaied in 
lei ms of content demonstiation by 
teachers and students activities. 

BIOLOGY TEXTBOOK 

Section III of the Biology Textbook, 
‘Diversity of Animal life’ was bi ought 
out m August 1965. With this Section 
400 pages have already been printed 


and the mattei ioi Sections IV and V 
has been sent to the pi ess and the 
othei two Sections, namely, VI and VII, 
are also leady lor piintmg. It is hoped 
to biing out the Sections IV and V 
oaily in Maich, 1966. 

SCIENCE TALENT SEARCH 

To evaluate the output of these 
Summer Schools a thiee-day seminar 
was held from August 9 to 11, 1965, 
at the Department of Science Educa¬ 
tion, N C.E.ll.T., under the Chauman- 
slup of Di, D. S Kothari, Chairman, 
University Giants Commission. The 
main recommendations of the experts 
present at this seminar are as follows 

1. At these Summer Schools, opportuni¬ 
ties should be provided so that the 
awardees can develop their creative 
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abilities to the fullest extent. 

2. An nidividual-oiiented flexible pro¬ 
gramme should he designed which 
can be tailoied accoiding to the 
needs of the individuals 

3 The Centios foi Summer Schools 
should be chosen with gieat caie so 
as to piovide a piopei- scientific 
environment to the paiticipants, 

4. Right from the fiist yeai, an effort 
should be made to obtain the choice 
of the student and place him in the 
appiopiiate Summer School 

5 The piogramme should not be 
packed with routine lectures, labo¬ 
ratory work or workshop practice 


Instead of this packed programme 
an effoit should be made to make 
the piogramme as flexible as possi¬ 
ble so that an individual can do his 
woik according to his inteiest and 
aptitude 

6. Individual and group discussions 
should be encouiaged as much as 
possible 

7, The laboiatory woik should not be 
of a loutme type and should be 
well-designed so as to suit the needs 
of the participants. 

8 Guest lecturers should be invited so 
that they may motivate the students 
by then mfoimative and interesting 
exposition of modem, yet elemen¬ 
tary, subject mattei 
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B<?chs 

Forjour science library 


Principles of Biology: Wiialey, W. C. 

et al. Harper & Row, New Yoik and 

John Wefherhill, Inc, Tokyo (3rd ed) 

1965 pp, xviii + 776, 

This is the third edition Qf a book 
which has been in use for over a 
decade Five professors of biological 
science have collaboiated to write this 
textbook, not to speak of othei emi¬ 
nent contributors. The result of this 
collaboiation is a sound scientific piece 
of wilting, dealing with biology in an 
integrated manner and with the major 
emphasis on development and function. 
A peiusal of the contents shows that 
the present edition pays more attention 
to the physical science foundations of 
biology as well as other fields of modern 
biology like cell structure and cellular 
metabolism which are receiving much 
notice these days. The study of the 
molecular basis of genetics is intro¬ 
duced in the form of concepts and a 
new chapter on health and disease is 
included. 

Foi an understanding of the broad 
aspects of biology a knowledge of the 
basic piinciplcs of chemistry is neccs- 
saiy, and this is imparted in two 
chapters, entitled ‘Principles of Cheinis- 
hy I and II.’ For all processes of 
metabolism and chemical co-ordination 
in plants and animals, a knowledge of 
chemistry is necessary and useful. Of 


paiticular interest is the chapter on 
'genetics’ • which explains in simple 
vvoids, the structure of nucleic acids, 
the lole of DNA and the pattern of 
inheritance, 

The book is veiy well lllustiated and 
contains a number of electron photo- 
miciogiaphs intended to bring out the 
ultia-structuies of the cell, Every cliap- 
tei lias a list of suggested leadings at 
the end. The book should be very use¬ 
ful to students, both in schools and m 
colleges, and particularly so to teacheis 
of modern biology who can get a fund 
of infoimation within the span of one 
book. 

s dohaiswami 

All about Heredity: Randal, Juditii 

W. H. Allen, London, 1965, pp. 150. 

Genetics has always remained a veiy 
fascinating and exciting subject evei 
since the turn of the century. If 
the numbei of publications on the 
subject is any index then we can 
say that in genetics knowledge is 
doubling itself every three years, Equal¬ 
ly numcious have been the books 
which attempt to convey facts of gene¬ 
tics in simple, lucid language, both for 
the laymen as well as the students of 
biology. All About Heredity, which is 
an exciting and stimulating introduction 
to the science of genetics, is one such 
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book. It is written in such a way as 
to tempt even a specialist to go through 
the pages to see how the author has ex¬ 
pressed these complicated phenomena 
in simple style and language. 

The author starts with Mendel’s first 
experiments with garden peas and goes 
on to the latest discovery about DNA, 
the chemical which makes each of us 
what we aie Part I deals with facts 
which are well known as the frame¬ 
work of heredity, while Part II contains 
topics of recent discovery, which are not 
so clear to many. It includes topics 
like DNA, breaking the genetic code, 
blue prints of heredity, faulty genes, etc 
The second part is fittingly called ‘Revo¬ 
lution in Biology.’ Every student of 
biology, whether in a school or a col¬ 
lege, will benefit fiom reading this 
book. 

S. DOEAISWAMI 

A Books of Methods: Brand Wein, 
Paul F., Watson, Fletcher G. and 
Blackwood, Paul E, Teaching High 
School Series, Harcourt Biace & 
World Inc., New Yoik. 1958. 

The authors feel strongly on two 
points: (i) every teacher has to make 
his own personal teaching invention; 
(ii) a book of methods should not 
therefore be prescriptive, Rather, it 
should be illustrative only. This feeling 


peivades the entiie heatment of the 
subject in the hook under review. 

The book is divided into six sections 
dealing respectively with: (i) the 
special climate of the science classroom; 
(ii) patterns in teaching science; (lii) 
inventions in science courses, i.e., 
course building (iv) deteimining the 
success of science teaching, i.e., re¬ 
appraisal of the method’s success; (v) 
tools for the science teacher; (vi) blue¬ 
prints foi community action. 

Every chapter starts with ‘A note at 
the beginning’ that prepares a healthy 
climate for discussion to be held subse¬ 
quently and it ends in an ‘Excursion’ 
into some aspect of the topic discussed 
in the chapter. This would help the 
science teacher to do some indepen¬ 
dent thinking in the context of his own 
specific situation. It serves as a guide 
line for the teacher to invent his own 
personal teaching method. 

The discussion on the tools for the 
science teacher is a sort of survey work. 
The treatment of some aids to teaching 
is at times very short: only one page is 
given to ‘The Science Club' and ‘The 
Science Fair.’ Some other useful refer¬ 
ences aie, however, given at such places 
to fill up the gap. This book will be 
useful as a reference book in any 
science library. 


B, D. ATREYA 
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Biology and Human Welfare 


M UCH of urn material piogiess is 
due to science. All our modem 
facdities ol communication (trains, 
steamships, telephones, telegiaph, radio, 
television, automobiles, jet planes, and 
.space ships) stem from discoveries m 
the physical sciences Thus, the ‘Puf¬ 
fing Billy’ first hauled coal m 1813 and 
the first railways for passengers weie 
opened in 1830, In 1838 the steamship 
‘Sirius’ ciossed the Atlantic m 19 days, 
and the first telegraphic messages bet¬ 
ween the UK and the USA weie 
exchanged m 1858 Recently we have 
been healing of space flights and inter¬ 
planetary flights and we aie promised 
a landing on the Moon m 10 or 20 years 
although a safe leturn has not been 
guaianteed so fai. Chemists have pro¬ 
vided us with many synthetic substan¬ 
ces like glass, bakelite, plastics, rubber, 
dyes and perfumes. In addition, we 
have many other things like washing 
machines, pressure cookers, electric 
lighting and heating, electric fans, air- 
conditioncrs, printing presses, type- 
wi iters and so on, which even kings and 
monaichs did not possess in the past 
All these developments have taken place 
within the last 150 yeais or less. 

The above achievements in tho 
physical sciences are indeed important 
and even spcctaculai but those m the 
biological sciences are no less so. Con- 


P. Maheshwari 
University of Delhi, Delhi 

sidei for instance, some of the advances 
m medicine. In the 19th century only 
one baby in India survived out of four 
or five. Now it is three or four out of 
five, and in western countiies infant 
mortality has been, reduced to only one 
per cent Smallpox, plague, typhoid, 
malaria and cholera were common in 
the living memory of the older ones 
amongst us. Today we have controlled 
almost all of them except diseases like 
cold and influenza which are caused by 
viruses. Oui understanding of these in¬ 
fectious diseases began with the work 
of Pastern who fust showed the role of 
micro-organisms in feimentation and in 
the spiead of disease. On the one hand, 
this was followed by tilings like vacci¬ 
nation, preventive inoculation and in¬ 
jections of anti-toxins. On the other 
hand, tlieie came some spectacular ad- 
advances m suigery. Up to the middle 
of the 19th century about half the 
amputations resulted in death and the 
peicentage was much higher in cases of 
abdominal surgery. This was not pri¬ 
marily due to the injury sustained in 
the surgical operation but to the after¬ 
effects caused by infection of the wound 
by bacteiia. When Lister, a British 
surgeon, learnt of Pasteur’s work on 
micro-organisms, he introduced new 
methods of antisepsis and asepsis. About 
the same time anaesthetics were also 
introduced with the result that Opera- 


Adapted from an address given as President of the National Academy of 
Sciences of India at its 34th annual meeting held at Muzaffarpur on February 
13, 1965. 
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tions became virtually painless and the 
numbei of deaths in surgical wauls 
quickly declined, Willi the discovery 
of sulpha dings and antibiotics like' 
penicillin the situation has improved 
still fuitlier, 

The Population Explosion 

The general decline in death rate 
and the great decrease in infant mor¬ 
tality has, however, raised other pro¬ 
blems. The population is steadily in¬ 
creasing and tends to double itself in 
only about 40 yeais. While formerly 
we weic threatened by disease, today 
we are threatened with something 
woise, i.e., staivation. It is said that in 
the days of Magasthenes India was a 
land of milk and honey, but at present 
the position is quite dilFeicnt. We are 
now impoxtmg foodstuffs fiom other 
countries and m spite of frequent pro¬ 
mises toward self-sufficiency our posi¬ 
tion continues to deteriorate year by 
year, What are die causes of this mis¬ 
fortune? Well, even a hundred yeais 
ago the population of India was only 
100-150 million. When I was a school 
boy fifty years ago, it was 300 million 
and now in my children's days the 
population of the India-Pakistan sub¬ 
continent is nearly 600 million. What 
it may be towaid the end of the cen¬ 
tury is anybody’s guess, but demo¬ 
graphers do not hesitate to place it near 
about 1000 million for India alone. One 
expert said that if all the human 
beings of the world died as result 
of a sudden catastrophe, and a single 
Indian, Chinese or Indonesian couple 
survived, the world would be fully 
rehabilitated in 600 years. This esti¬ 
mate assumes that each couple would 


have four or five children during their 
lifetime which nearly approaches the 
aveiage numbei in south-east Asia 

This tremendous inciease in popula¬ 
tion caused by a steady birth rate and 
a declining death rale, has given rise 
to serious problems not only of under¬ 
feeding but also of improper feeding 
Mr. Raymond Ewell of the New Yoik 
Univcisity has recently predicted that 
unless pi opei steps are taken famine 
might reach senous pioportions in 
India, Pakistan and China in the eaily 
1970s. He wains that ‘this would be 
a famine on a scale never before ex¬ 
perienced in the world’s history’ and 
that ‘a stable government is unlikely to 
be maintained in countries where a 
high percentage of the population is 
literally starving.’ Hunger fetches the 
wolf out of the woods, it demoralizes 
people and piomotes thieving and 10 b- 
beiy. A Sanskiit poet has said: 

far ^ to, 
sfETT qvr- ¥T=rf?cT I 

Methods of Increasing Food Supply 

Befoie discussing this point furlliei 
it is important to realize that there is 
only one ultimate source of food foi 
men and animals, whether they are 
vegetarians or non-vegetarians. This 
comes solely fiom plants. They alone 
have a green pigment called cliloio- 
pliyll with the help of which they can 
combine, in the presence of light, two 
simple substances—carbon dioxide and 
water—and produce sugars, starches and 
various other things on which our life 
and happiness depend. Animals do not 
possess this property and in spite of lus 
ingenuity, man has not succeeded in 
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unravelling all the mysteries of this 
master chemical reaction. Give the most 
brilliant chemist of the world all tire 
fumances, retorts, catalysts and compli¬ 
cated glassware, and he can produce 
only soda water from carbon dioxide 
and water, While one line of work no 
doubt, is to try to understand more 
about the photosynthetic reaction and 
to duplicate it in the laboratory, another 
and more fruitful line at least for the 
immediate futuie is to study the plant 
itself and make it do a better job than 
it is doing already. 

As to the means of increasing our 
food supplies, we could then try one or 
several of the following methods: (a) 
increase the area of land under culti¬ 
vation; (b) increase the area under food 
ciops while reducing that under some 
others; (c) impiove the yield per acie 
of existing land; (d) pioduce food from 
the sea, or the algae, or some other un¬ 
usual sources. Now, while there are 
some poitions of the earth’s surface 
which are lying uncultivated, these are 
in the jungles of the tropics, or in de¬ 
sert lands, or in places which are too 
cold and inhospitable To use these 
areas we require not only much techni¬ 
cal skill but also a great deal of money. 
We could irrigate Rajasthan desert, 
we could freshen sea-water and 
use it on land, and we could perhaps 
cause artificial rain. These are no 
doubt all possibilities but they are not 
likely to materialize in the immediate 
future. 

The first and most important source 
of additional food is, therefore, from 
the existing crops themselves whose 
yields can be greatly increased through 


several methods such as (a) planting of 
superior seed; (b) application of artifi¬ 
cial fertilizers, and (c) control of weeds, 
pests and parasites. In fact the yields 
of cereals m India are only about one- 
third of those in the advanced coun¬ 
tries It is also possible that the culture 
of such microscopic organisms at yeast 
and Chlorella may provide us with new 
and cheap sources of proteins. We shall 
discuss some of these one by one. 

Genetic Improvement of Plants 

A good many of the economic plants 
of the world have been subjected to 
extensive selection and hybridization 
resulting in an improvement m yield of 
as much as 40 per cent in many cases 
This may be illustrated by referring to 
the sugarcane on which some significant 
work has been done right in India. 

Although many varieties of cane are 
grown in the tropics, only three types 
are important in India. The first or 
noble canes (Sachharum ofpcinanim) 
are grown in tropical and sub-tropical 
Tndia as well as Indonesia, Hawaii, 
West Indies and Mauritius. They are 
very rich in sugar and are also suitable 
for chewing purposes owing to their low 
fibre content and thin rmds. They, 
bowevei, need a comparatively equable 
climate and very careful cultivation 
combined with liberal manuring and 
irrigation Another disadvantage is their 
susceptibility to a number of diseases 
and pests. The second type, called 
medium canes(S. barben), represent a 
class which grows well under sub-tropi¬ 
cal conditions. Besides northern India, 
they are also cultivated in southern 
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Africa, Louisiana, Northern Australia 
and parts of China and Japan. These 
aie thinner than the noble types and 
have a lower sugar content. In addi¬ 
tion their rinds are thicker and they 
have more fibre so that they are less 
suitable for chewing purposes. How¬ 
ever, they possess other desirable cha¬ 
racters like a deeper and more vigorous 
mot system and nanower leaves which 
lender them resistant to diought and 
frost. They also show greater resistance 
to certain pests and diseases than the 
noble canes. Finally there is a wild spe¬ 
cies, S. spontanemn) ol which there 
arc many vaiieties thriving in various 
parts of the world even under condi¬ 
tions of the greatest neglect. These are 
able to toleiate all kinds of adverse con¬ 
ditions such as drought, watoi-logging 
and soil salinity. In many parts of 
India this plant is an obnoxious weed 
which infests laige areas of the soil. It 
has very thin stems with haid rinds and 
narrow leaves. The structure of die 
leaves, stems and loots shows various 
adaptations which make the plant resis¬ 
tant to most of the pests and diseases 
affecting the cultivated canes, 

C. A. Barber and T. S. Venkataraman 
were among the first to engage them¬ 
selves in producing new and improved 
types of cane combining the Tilood’ of 
all the three types, When the wild 
canc is crossed with the noble cane, this 
step is called nobilization. Frequently 
two or three such nobilizalions arc 
necessaiy before the desired result is 
obtained. By an appropriate programme 
of triple hybridization between the wild, 
medium and noble canes, carried out at 
Coimbatore and later in the other cane 
growing areas of the world, it has been 


possible to evolve types with satisfac¬ 
tory juice value as well as the capacity 
to grow under adveise conditions, The 
Coimbatore hybrids are now being 
grown all over India and have re¬ 
sulted m a 50 pei cent increase in yield 
ovei the figures obtained for the oldei 
varieties. 

Valuable work of a similar nature has 
also been done on wheat by B. P. Pal 
and on other ciops by various plant 
breeders and geneticists in the country, 
but this needs to be strengthened and 
earned out on a much larger scale. A 
good example of the results of such 
woik is the hybrid maize industiy 
of the USA which has in itself raised 
the yields of maize by 30 per cent. 

Soil Nutrients 

Of the ten major elements required 
by plants nitrogen, potassium and 
phosphorus are the most important and 
out ol these the one which is most 
often in short supply is nitrogen. Sn 
William Crookes was so impressed by 
the need of fixed nitrogen for stepping 
up the yields of wheat that he wrote 
as follows in 1899: 

‘It is of urgent importance today, 
and it is a life and death question for 
generations to come. I mean the ques¬ 
tion of food supply. Many of my 
statements you may think are of the 
alarmist ordei; certainly they are de¬ 
pressing, but they are founded on stub¬ 
born facts. They show that England 
and all civilized nations stand in deadly 
peril of not having enough, to eat. As 
mouths multiply, food resomces dwin¬ 
dle. Land is a limited quantity, and 
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the land that will grow wheat is abso¬ 
lutely dependent on difficult and cap- 
licious natiual phenomena, I am 
constrained to show that our wheat- 
producing soil is totally unequal to the 
strain put upon it. After wearying 
you with a survey of the universal 
dearth to be expected, I hope to point 
a way out of tire colossal dilemma, It 
is the chemist who must come to die 
rescue of the threatened communities. 
It is through die laboratory that starva¬ 
tion may ultimately be turned into 
plenty.’ 

He furtliei said: ‘The fixation of 
atmospheric nitrogen theiefore is one 
of the gieat discoveries awaiting the 
ingenuity of chemists. It is certainly 
deeply important in its practical bear¬ 
ings on the futuie welfare and happi¬ 
ness of the civilized laces of mankind. 
This unfulfilled problem, which so far 
has eluded the strenuous attempts ol 
those who have tried to wrest the 
seciet from nature, differs materially 
from other chemical discoveries which 
aie in the air, so to speak, but are not 
yet matured. The fixation of nitrogen 
is vital to the progress of civilized hu¬ 
manity. Other discoveries minister to 
our increased intellectual comfort, 
luxury, 01 convenience, they serve to 
make life easiei, to hasten the acquisi¬ 
tion of wealth, or to save time, health, 
or worry. The fixation of nitrogen is 
a question of the not fai-distant future. 
Unless we can class it among certain¬ 
ties to come, die great Caucasian race 
will cease to be the foremost in the 
world and will be squeezed out of 
existence by races to whom wheaten 
bread is not the suff of life ’ 


Fortunately the challenge was met 
In 1913 the Geiman chemist Fritz 
Habei found die way to fix atmospheric 
mtiogen and humanity was saved 1 

Dui mg recent yeais many factories 
have been started in India for the 
manufacture of fertilizers. The pro¬ 
duction of ammonium sulphate began 
m Mysore in 1938 and in Kerala in 
1947. The factory at Sindri was started 
in 1951, anothei at Nangal in 1961, a 
third at Rouikela in 1962 and a fourth 
at Trombay in 1965. Howevei, their 
total annual production of ammonium 
sulphate and superphosphate is much 
less than the actual requirement so that 
oui crop yields are no more than one- 
thiid or one-fourth of those in other 
countries. 

Investigations made dunng the last 
30 yeais have shown that apart from the 
ten major elements known to be essen¬ 
tial for plant growth (caibon, hydrogen, 
oxygen, nitrogen, sulphur, phosphorus, 
potassium, calcium, iron and magnes¬ 
ium) theie are several odiers which are 
also important although needed only in 
minute quantities. Of these copper, 
boion, silicon, chlorine, manganese, zinc 
and molybdenum are specially note¬ 
worthy. A dieback disease of citrus, 
occurring m Florida, California, Soudi 
Africa and other places, has been trac¬ 
ed to copper deficiency, lack of boron 
caused serious damage to apple crops 
and sugar beet; absence of manganese 
often gives rise to chlorosis; and zinc 
deficiency is known to cause a rosette’ 
of apples, mottle-leaf of citrus and 
‘yellows’ of walnuts. 

Quite a few of the deficiency diseases 
can be cured just by spraying a suitably 
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prcpaied solution ol the dement m 
short supply, 01 adding it to the soil, or 
by inseiting a pill into a boie-hole in 
the tmnk of a tree. However, simple 
soil applications do not always give the 
dashed result. For example, the chemi¬ 
cal analysis of a soil may show ade¬ 
quate amounts of mm and yet tho 
plants grown on such soil show unmis¬ 
takable signs of iron deficiency. This 
may be due to the unavailability of the 
iron because of a high pH or some 
other factor. To give an example, if 
too much lime is put on a soil the pi I 
may go up to 7, 8, or more with the 
result that phosphates and some micio- 
nutiients become unavailable. The 
poor development of chlorophyll thus 
caused is designated as lime-induced 
chlorosis Undei such circumstances 
providing more iron to the soil is of no 
use because this will be thrown out of 
solution just as promptly as that already 
there. Spraying is better, or one may 
try to make the soil slightly acidic. It 
has also been found possible to keep 
the iron soluble by using ethylene dia 
mine tetracetate. This forms a soluble 
complex with the iron which now be¬ 
comes available. 

The trace elements are in die nature 
of catalysts or parts of enzyme mole¬ 
cules which are essential for the normal 
metabolism of plants. Serious distur¬ 
bances may result in their absence. The 
internal cork of apples and heart-rot of 
sugar beet have been found to be due 
to boron deficiency and can be prevent¬ 
ed by the application of sodium borate 
(borax) to the crop. The mottle-leaf of 
citrus can be cured by applications of 
zinc. Large .traots m New Zealand 
where both sheep and catde suffered 


from a ‘pining sickness’, have been ren- 
desert aiea has been conveited into 
and in Southern Australia a laige 
desert area has been converted into 
good agriculluial land by applications 
of minute amounts of sulphates of zinc 
and coppei. In South-east Australia a 
small addition of copper not only en¬ 
abled the growth of oats, wheat and 
lucerne but also improved the wool of 
the sheep grazing on die fodder. In 
Southern Australia homeopadiic doses 
of molybdenum enabled miles of woith- 
less land to ‘blossom as a lose’. 

It is to be noted that while the tiace 
elements are absolutely essential, even 
a small excess may do harm to plants 
and poison them. This is of couise also 
true of the major elements although in 
a different way. Foi example, if a 
fanner applies too much nitrogen fer¬ 
tilizer to straivbcnies he causes the 
caibohydrates piesent in the plants to 
combine with the nitrogen and die 
fruits may become tasteless owing to 
lack of sugar. On the other hand, with 
leafy vegetables like spinach and Chcno- 
p odium, consideiable quantities of nitro¬ 
genous fertilizers can be used widi ad¬ 
vantage for under their effect the plants 
produce lush dark green leaves and 
tender stems, winch are much richer in 
proteins and therefore possess a higher 
food value. With wheat an excess of 
nitrogenous fertilizer produces weak 
stems that are likely to cause the plants 
to fall over or ‘lodge’. The dosage as 
well as the time of application of the 
fertilizer nave, tnerefore, to be studied 
in each case. 

It is interesting to note diat the 
presence of certain other elements in 
the soil may be deleterious rather than 



BIOLOGY AND HUMAN WELFARE 


269 


beneficial to plants or to animals, as 
the case may be, Among these are 
aisenic, selenium and thallium. The so- 
called ‘alkali disease’ is a good example 
of this kind. About the middle of die 
19th century it was observed that ani¬ 
mals in some areas of western USA be¬ 
came debilitated and often died in 
laige numbeis. It was later found that 
(a) cei tain plants absoib selenium from 
the soil and the forage pioduced in such 
aieas contains small quantities of diis 
element, (b) even one part per million 
of selenium may kill animals; and (c) 
such soils become dangerous m tiiose 
years when there is not enough rainfall 
or 11 -ligation water to wash out the 
selenium. On the other hand iodine, 
although not needed by plants, is quite 
essential for the health of animals and 
human beings When the water and 
the plants of any area lack iodine, this 
has to be supplied from outside 

Mention may also be made here of the 
recent development of soil conditioners 
which, if they can be pioduced cheaply, 
may step up yields appreciably One 
of the problems of agriculture is to 
maintain a good soil texture to permit 
the absoiption of water and air and to 
prevent hardening of the soil. A good 
soil texture can he achieved by the 
addition of organic manures. Where 
these are insufficient, a pound of kril- 
Iiurn may be used in place of a hun¬ 
dred or one thousand pounds of com¬ 
post, Krillium has no plant nutrients 
but is remarkably effective in improving 
the physical texture of heavy soils. 

Plant Protection 

While superior breeds of plants under 
proper conditions of irrigation and soil 


feitility will naturally give higher yields, 
plants like animals suffer from many 
kinds of diseases and it is important to 
maintain them in good health in Older 
to obtain the best yields. That fungi, 
bacteria, viruses and insects take a 
heavy toll is now well known, but a 
few examples may not be out of place. 

The potato blight ( Phytophthora in- 
jestans) caused havoc m Europe m the 
middle of the nineteenth century. In 

1845 a terrible wave of the blight swept 
the potato fields from Norway to Boi- 
deaux reaching the extent of a national 
calamity. In Iieland die .disease was 
noticed in the last week of August 
and rapidly developed m an intensity 
unequalled in any other country In 

1846 it was woise, in 1847 mildei, but 
bad again in 1848 The great famine 
which followed the disease had re- 
purcussions which lasted for many 
yeais The population of Ireland, 
which was eight millions in 1841, had 
lost a million by death and lmmigia- 
tion by 'the next census in 1851. The 
impoveiished countiy was unable to 
support even these reduced numbers 
and tiiere was a steady stream of emi¬ 
gration which lasted throughout the 
century. 

Another fungous disease ( Hemileia 
vastatrix) wiped out the coffee planta¬ 
tions of Ceylon towards the latter part 
of the 19th century. Due to die attack 
of this rust the coffee bushes were so 
seriously affected that they became un¬ 
profitable and coffee is no longer grown 
on a commercial scale in Ceylon Re¬ 
cently, die blister blight of tea, caused 
by Exobasidium vexans, has appealed 
in South-east Asia and threatens to be 
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anothci serious menace, The ‘Panama 
disease’ caused by Fusanum cubensc, a 
soil oignnism, has endangered tlie 
banana industry m Jamaica and Cen¬ 
tral America resulting in tire abandon¬ 
ment of banana cultivation on thousands 
of acres. In India die three wheat 
rusts have been causing an annual loss 
of 60 million rupees. 

Returning to the potato blight, its 
lepeated ravages led to a testing of all 
known varieties of potato for resistance 
against it and expeditions wcic oigarnz- 
ed by several countries to obtain a num¬ 
ber of wild, varieties from the original 
home of the potato in South America. 
As the lesult of inter-crosses between 
these vaiieties it has been possible to 
create new types which show consider¬ 
able resistance to the blight as well as 
to a number of virous diseases. What 
has been done with the potato is also 
being attempted with many other crops 
and today plant hi coders and plant 
pathologists are woiking m close co¬ 
operation to develop new varieties of 
plants which are not only superior in 
yield but are also resistant to most of 
the diseases which generally affect them. 

The use of copper sulphate, copper 
carbonate and organic mercurial dusts 
has made it possible to control many 
seed-borne diseases, and there has been 
a similar impiovernent in the develop¬ 
ment of fungicide sprays, While 
Bordeaux mixture is still very popular, 
the substitution of commercial limesul- 
phur, wettable sulphur and other sub¬ 
stances have greatly increased the effec¬ 
tiveness of control. 

The value of DDT in controlling in¬ 
sect pests is now well known to every 


one. A moie recent development is 
the possibility of applying a chemical 
to the roots or some other aerial piut of 
a plant or injecting it into its tissues so 
that they become distasteful to the in¬ 
sects without affecting the usability of 
the produce. It is, in some respects, 
parallel to the vast developments which 
have taken place in human and animal 
pathology, for example, the use of 
quinine, atebrin and paludrin in mala¬ 
rial prophylaxis and tieatment. The 
most useful chemical exploit’d in tins 
connection, is octametliyl pyioplios- 
ploi amide, called Scliradan or l’estox 3. 
If applied to the soil or introduced 
into irrigation water, it makes plants 
toxic to sucking insects for 3—6 weeks. 
Another sinulai chemical is bis-isopio- 
pylaminofluorophosphme oxide or Iso- 
peslox. This is toxic for only 7-8 days 
so that crops can he tieated with it 
almost up to the tune of harvesting. 

Systemic chemicals have also been 
tried during recent years for the con¬ 
trol of fungal diseases. Earlier work 
was dnected mostly against diseases of 
woody trees as in the case of the Dutch 
elm disease, but some mtropyrozoles 
when injected into tomatoes have been 
found to delay the appearance of 
lesions of Aitemaria solani. This is a 
wide open field for future research . 

Control of Weeds 

A fanner’s life is a constant battle 
with weeds, and until recently mechani¬ 
cal cultivation, which is both arduous 
and costly was the chief method for 
getting rid of them The discovery that 
certain synthetic hormones will destroy 
some kinds of plants and leave others 
relatively unharmed has proved to be 
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portance in this con- 
ipplied at concentra- 
d 0.01 pei cent they 
hut at concentrations 
r cent they seriously 
1 paits o£ plants and 
im. 


ised most in the UK 
orophenoxyacetic acid 
1PA), and in the USA 
roplienoxy acetic acid 
road-leaved plants are 
vlule the grasses and 
harmed. Due to this 
awns and fields con- 
tay he treated with 
i 2, 4-D has also been 
controlling the weeds 
tations Compliment- 
s and 2, 4-D, is tri- 

TCA) which is effec¬ 
ts and has therefore 
iccessfully in fields of 
rtain legumes to kill 
inside them. 

to note that the drifts 
sprays and dusts ap- 
air may sometimes 
age to adjacent crops 
re herbicides aie used 
as given rise to serious 
a to cases of litigation, 
refore be applied only 
:tle movement of the 
ir should be as near 
ssible; and the spray 
ither low pressure. 

herbicides may some- 
o produce a combina- 
herbicide may be mix- 
cticide or a nutrient 


spiay. The advantages aie (a) saving 
of time and money, (b) less mechanical 
damage, (c) and control of a wfdei 
lange of weeds The disadvantages aie 
that (a) it is difficult to arrive at the 
correct timing of a combined spray, 
and (b) the action of one constituent 
may impair or nullify the effect of the 
other by forming insoluble salts or by 
preventing the absorption of some ele¬ 
ments. 

Shortcomings of Existing Chop Plants 

Besides improving our existing crop 
plants and taking proper care of them, 
there is also another approach to the 
pioblem which may be illustinted by 
giving an example. If an engineer had 
charge of engines which did not pro¬ 
duce a sufficient amount of energy and 
he were asked to produce more powei, 
what could he do about the matter? In 
the first place he can perhaps construct 
a large number of engines of the same 
type. If he has moie brains, he can 
■tiy to improve the performance of the 
existing engines by lubrication and 
minor adjustments. If he is really 
clever, he could try to make an entirely 
new design. What we have considered 
so far aie methods of the second 
ordei 

Before we entei into a fuither consi¬ 
deration of this point, it is well to 
understand what aie the defects, if any, 
m the existing photosynthetic engines. 
In the first place most of our crop 
plants convert only a very small per¬ 
centage of the solar energy falling on 
them into organic material. Much of 
the light falling on a leaf is reflected 
back, or passes through the leaf, or is 
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ubsoibed by the tissues to serve as heat 
energy, Normally less than 1.0 per 
cent is utilized in photosynthesis. The 
very nature of plants makes them in¬ 
effective. for a full utilization of sun’s 
energy. They have a slow rate of 
giowth and it is only for a short poind 
that they aie at the peak of their acti¬ 
vity. In wheat, for instance, dining the 
first six weeks only about one fourth of 
the maximal leaf surface is developed. 
Dining the next two weeks an addi¬ 
tional one foiuth is formed It is only 
in the ninth or tenth week that the 
full leaf suiface is developed. After 
this the plant is active for anothci tbiee 
oi foui weeks and is then ready foi har¬ 
vesting. Thus the piocess stalls at 
zero and is slowly built up until maxi¬ 
mum efficiency is reached. This lasts 
for a shoit time only aflei which the 
event comes to a complete stop and 
must be started anew by sowing a fresh 
crop. Further, while we ask the wheat 
plant to synthesize sugar and starch 
foi several weeks, eventually wc eat 
only the small fraction stored in the 
grain. In mango it is only the flesh of 
the fmit that is edible, and the stem, 
leaf and root are of no value for this 
purpose. In other words, only a part 
of the organic material synthesized by 
the plant can be eaten and the rest is 
wasted from the point of view of nutri¬ 
tion. 

In this respect certain microscopic 
algae present some advantages over our 
ordinary ciop plants, Several of them 
can be cultured on a large scale, but so 
far no systematic study has been made 
to find the most suitable types for food 
production. One of these, Chlorella 
pyrenoidosa , has received considerable 


attention in the USA, in Japan they 
have experimented with C. ellipsoidea , 
and in England with C. vulgaris. 

Chlorella is unicellular. Being only 
3-10 /tin diameter it appears as an in¬ 
significant little blob under the micro¬ 
scope, However, the cells multiply 
very quickly (once every 12 hours) and 
require only simple inorganic salts foi 
their growth. Normally the alga manu¬ 
factures carbohydi ates but if supplied 
with lutiogcnous salts and other nnne- 
ials and given plenty of light, it shows 
an amazingly high protein content 
which may go up to as much as 58 per 
cent on a dry weight basis. If the 
nitrogen is reduced and the plants are 
given plenty of carbon dioxide, good 
light and a long period of growth, the 
proportion of fat goes up to 86 per 
cent of the dry weight. 

This is significant because the pre¬ 
sent food shortage of Lhe world is not 
so much in terms of caibohydiates but 
m fats and proteins. Another signifi¬ 
cant point is that the fats as well as 
the proteins of Chlorella are of high 
quality from the point of view of 
human beings. The fat is piobably as 
good as that fioni soya bean and the 
protein contains all the ten essential 
amino acids. All the important vita¬ 
mins are also present. Unfortunately 
the cost of growing Chlorella is prohi¬ 
bitive at present. Although, the major 
nutrients such as carbon dioxide, water, 
and nitrogen salts are not expensive 
and there is plenty of sunlight in the 
tropics, it still needs quite a set-up and 
high technical skill to grow the plants 
on a large scale. It is of course pos¬ 
sible that theie are other algae which 
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are superior to Chlorella and these can 
be further impioved by selection, hy¬ 
bridization and mutation. It may be 
recalled that the present strains of Peni- 
cillium notatuni are many times more 
productive than the original strain of 
Flemming. And what has been done 
with Penicillium can also be tried with 
Chlorella and other organisms. What 
is expensive today may become cheap 
tomorrowl This kind of research must, 
therefore, continue to be pursued. 

Foi the manufacture of proteins and 
fats, we must also consider another well 
known microscopic organism, the yeast 
Yeast cells have no chlorophyll and are 
therefore unable to live on a purely 
inoiganic medium Iiowever, their re¬ 
quirements are veiy modest and they 
thrive without difficulty on ammonium 
salts and molasses. Further, it is pos¬ 
sible to substitute molasses by hydro¬ 
lysed sawdust and pulping waste. Just 
as Tomlopsis is suitable for producing 
proteins, so two other types —Enclomyces 
and Rhoclotomla—ha.ve proved to be 
very satisfactoiy for the production of 
fats. 

In conclusion, we may say that man 
does not live by bread alone and yet it 
is haid to stay alive without it. In the 
means of transport and communication 
and in methods of waging war modem 
man has made truly phenomenal ad¬ 
vances over his ancestors Can we say 
the same tiling, however, about agricul¬ 
ture and the one essential thing called 
food? In this respect we are still bound 
to past, for most of our crop plants had 
already been brought into cultivation 
four thousand years earlier, 


What is the reason for this slow pro¬ 
gress in a sphere which is of such im¬ 
portance to our lives and which threat¬ 
ens our very existence? The only 
answer is that biological phenomena 
aie far more complex than physical and 
chemical phenomena and it takes moie 
time, energy and resourcefulness to 
understand them. Also, the budgets 
for biological laboratories are the low¬ 
est, their equipment is old and anti¬ 
quated, and m the name of economy the 
axe is always ready to fall upon them. 

The Scarcity of Biologists 

Even more distressing than lack of 
funds is tlie comparatively small 
numbei of biologists in the country. 
Any one who has seived as a membei 
of the science admission committee of 
a umveisity must have noticed that 
students keep physics and engineering 
as their first choice, then come chemis¬ 
try and medicine, while biology and 
agriculture come last. 

India is predominantly an agricultural 
countiy and yet we suffei from constant 
scarcity of food. This is not because the 
Indian farmer is less industrious than 
his western counterpart or because the 
land is poor but simply because we have 
not used scientific methods in our agri¬ 
culture and are still bound to the lioary 
past in our techniques of crop produc¬ 
tion. Dr. D. S. Kothari, Chairman of the 
University Grants Commission rightly 
remarked: ‘Modern agriculture is really 
applied biology It is necessary in rela¬ 
tion to our plans of agricultural develop¬ 
ment and increased food production 
that the effort on agricultural education 
should be very much more than what 
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il is today’. Another distinguished 
physicist J. D. Bernal wiiles as follows 
in his book entitled Science in Histtmj 
'In the neai futuie, given an end to the 
cold war, the rewinds of biology are 
bound to lead to its veiy mpid increase. 

. biology ofleis problems of great 

complexity whore ingenuity is at a 
premium. Even the simplest of them 
(living organisms) smpasses a thousand 
or a million-fold m absolute complexity 
the most complicated systems devised 
by men Biology cannot m the nature 
of things be as simple as physics or even 
chemistry, since it includes these sub¬ 
jects m itself. Noi can it be expressed 
m the language of precise mathematics, 
because it has too great a multiplicity 
lo describe by enumeration. The pro¬ 
blems ol an increasing population and 
of static or decreasing food supplies 
can be solved only by an active and 
advancing biology. The veiy succes¬ 
ses of physics and chemistiy have en¬ 
sured that biology should now present 
the key problems of the whole of 
natural science, offciing a challenge to 
the understanding of the world in which 
we live, which will call for far more 
extensive and at the same time bettei 
coordinated efforts than all those which 
science has dealt with in the past*. 

We must carefully consider the causes 
of this scarcity of men in biology m 
spile of the ovcrpoweiing role that this 
subject has played and will play lo 
a still greater extent in future? In 
final analysis they can perhaps be. traced 
to three sources. The fust of these is 
the lack of consideration and respect 
shown by the government to the tillers 
of the soil. Even the public is much 
more: impressed by a textile or steel fac- 


Imy than by tho lann. While paying 
hp sen ice to the food problem, there 
has been no real attempt to get at the¬ 
reof of it. The second is the absence of 
any insliuetion ill biology in many oi 
mn schools At present tho majority of 
the schools in India give no integrated 
picture ol science but teach only physics 
and chemistry. Tho result is that the 
young boy or girl, who has never been 
exposed to biology in his or her school 
years, natuially prefers to ask for admis¬ 
sion to a emuse m physics or chemistiy 
and considers biology as an unfamiliar 
and perhaps more difficult science 
where it is almost impossible to secure 
the high marks obtained in physics and 
mathematics and where tho chances of 
good employment are less certain, The 
thud reason is the lather nil inspiring 
teaching of biology m mu educational 
institutions. What is taught at present 
is a Uavesty of the. subject. This last 
point needs to be considered m a little 
more detail. 

One lactor, which makes the present 
courses in biology rather dull, is that 
their contents arc mostly or entirely des¬ 
criptive. While the morphological part 
must still form the basis of biology and 
has to be done well, this cannot be the 
only thing, and physiology, ecology, 
genetics, and the role of biology m 
human life are subjects winch also 
demand adequate attention. A large 
fund of biological information acquired 
dining the present century finds no men¬ 
tion in most of our texts nor do they 
provide any information about the intei- 
dependence of plants and animals. Pro¬ 
blems like what happens in photo¬ 
synthesis 01 respiration and how living 
organisms lespond to external and 
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internal stimuli elicit greater interest in 
the minds of students and aie moie im¬ 
portant than learning the characters of a 
family of plants or descnbing the pec- 
loial girdle of frog. It would be 
appalling if a school student should get 
the impression that biology is' J no thing 
moie than sketching the shapes of leaves 
and bones 01 just a system of naming 
plants and animals in unfamihai 
language. 

Conclusion 

Although out of all sciences bio¬ 
logy has the greatest applications in 
everyday life, not all the work in this 
field need be inspired by selfish motive 
alone That is not the way science has 
piogiessed m the past or will progress 
in the future Basically science is a 
quest for truth and many persons aie 
motivated to take up biological reseal ch 
just to satisfy their curiosity It is out 
of such woik that the whole field of 
antibiotics emerged Similarly the cliap- 
tei on plant hoimones emerged fiom 
Darwin’s (1880) question as to why 
plants bend towaids light. There are 
still many such questions demanding ex¬ 
planation For example, in spite of 
many years’ woik we do not quite know 
how water lises to the tops of such tall 
trees as the Sequoia and Eucalyptus 
Why do the leaves of Mimosa pudica 
collapse when touched? Why do leaves 
turn yellow and red in the month of 
October in western countries and m 
Februaiy m our climate ? Why is 
it that in the mango and in Amhersiia 
it is the new leaves that show the red 
colour? How does a bat see its way in 
darkness? Why do fishes and buds 
travel foi hundreds of miles and then 


letuin to the same spot which they had 
left eaihei? Can life be created m the 
test tube? Can feiLilization and embryo 
development be completed m the higher 
plants and higher animals m vitro? Can 
the mtiogen-fixmg bacteria which live 
in symbiotic association with the loots 
of leguminous plants be made to attach 
themselves to oui ceieals and to other 
plants so that we do not have to worry 
too much about adding nitrogenous fer¬ 
tilizers to the soil? What is the key to 
heredity and can we diiect the changes 
in the molecules of heredity in accord¬ 
ance uath our wishes? 

It may also be pointed out that bio¬ 
logy is concerned not only with plants 
and animals but with man himself. If 
we ask om selves What is it that 
endiues best? A great city? Oi a large 
mdustnal slate? Or the best built steam¬ 
ships? Or buildings of cement and 
iron? Oi gieat badges, minaiets and 
foits? The answci is a definite no, it 
is men and women of ideas who are 
the most nnpoitant. Even if a city has 
only a few mud huts but a few great 
men and women, it is in fact the 
greatest city m the whole world. In 
living memory we saw thaL although 
Gandhiji lived in Sabaimati Ashram 
m Abmedabad and Iianjan Colony 
in Delhi, his piesence continued to at- 
tiact visitors from all parts of the world. 

How aie we to get these gieat men 
and women? That is the toughest pio- 
blem before humanity. It is rendeied 
extiemely complex because while it is 
not too difficult to measure the disease- 
resisting pi opei ties of sugaicane, or the 
milking qualities of a cow, or the fleet¬ 
ness of a race-horse, it is not the same 
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with the measurement of spiiitual and 
intellectual values. If we want a disease- 
resisting wheat or an intelligent sheep¬ 
dog, vve breed them, and we know that 
we cannot get them in any other way. 
We cannot hope to obtain them by 
manuring, watering and generously 
tending a wild grass, or by careful feed¬ 
ing and training of a mongrel dog. The 
study of human heiedity teaches us the 
same lesson, There are families in man 
in which some special ability is 
inherited from generation to generation. 
There are others which show the inheri¬ 
tance of some defect like haemophilia, 
colour blindness, tendency towards 
diabetes, and so on. Even the pattern 
of baldness is hereditary. Obviously 
then, if we are to improve the human 
race we must make a conscious effort m 
that direction. Unfortunately marriages 
among humans are arranged on an emo¬ 
tional rather than a biological and gene- 
tical plane, There are, however, a few 
things that can perhaps be undertaken 
right away. People from a stock 
suffering from a marked hereditary de¬ 
fect such as insanity, epilepsy or mental 
weakness have no right to reproduce 
and hand on this defect to the next 
generation. 

We must also examine our social laws 
to make sure that they do not favour the 
less gifted, less able, and less energetic 
members of the community while dis- 
coui aging reproducation of those who 
are better endowed. While we must do 
our best for all our fellowmen, we daie 
not sacrifice the future for the present. 
It is dangerous for a nation to breed 
chiefly from its inferior stocks. And yet 
that is what seems to be happening at 


the moment. While the more intelligent 
and educated are aware of the dangeis 
of over-population and consequently 
tend to marry late and have fewei 
cliildtcn, the others consider children to 
he just an act of God and are undis¬ 
turbed by this steady deterioration of 
the gormplasm. If this goes unchecked, 
during the next fifty years we shall have 
a much larger number of the feeble¬ 
minded and much fewer pupils of 
scholarship ability. This genetical cio- 
sion threatens all countries but particu¬ 
larly those which are over-populated. 

How are we going to stop it? Before 
we act we need a greater knowledge of 
human biology. Winch traits are inhe¬ 
rited and which aie not? Winch are 
the most desirable qualities, which arc 
not so desirable but can he tolerated, 
and which are the ones that wc root out 
at all costs? The second point is to sec 
that no bnght child is deprived of edu¬ 
cation and progress just because of lack 
of money. Poverty lias sometimes been 
a bar to higher education and it is our 
duty to see that this does not remain so 
in future, We must pick out the most 
talented boys and girls as early as we 
can spot them and give them our best 
attention in all possible ways. 

All this requires a lot of work. Before 
wc think of space ships and rockets and 
travelling to the Moon let us consider 
what we can do right here with the 
plants, animals and human beings on 
tills planet. We need not try to climb 
on the bandwagon of other nations sim¬ 
ply because certain types of reseaich 
appear to be more fashionable than 
others. We have our own problems to 
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solve — problems of food, health and 
population — and must see that there is 
a pioper distribution of the scientific 
effort in India. If we are to avoid a 
serious crisis 20 or 25 years later—, 
the present imbalances must be correct¬ 


ed and we must redress this persistent 
neglect of the life sciences so that our 
children and grand children do not 
blame us for their sufferings. We can¬ 
not wait for this. We must do it now 
and immediately. 




ANCIENT INDIA 

Textbook of History for Middle Schools 
ROMILA THAPAR 


Crown 4’to, Pp. 152 


Price : Rs. 3.60 


This Is the first of the model history textbooks published by the 
National Council of Educational Research and Training and Is specially 
meant for children of Class VI In Indian schools The book traces the 
history of India from the earliest times to the beginning of the eighth 
century A special feature of the Council’s history textbooks is that 
they present not only an account of rulers but the history of the 
Indian people in all Its aspects. 

Distinguished historians such as Dr. Tara Chand, Dr. S. Gopal, 
Dr. S Nurul Hasan and Dr. Satish Chandra have been associated with 
the finalization of the book 


The author 
University. 


Dr. Romlla Thapar is Reader in History at Delhi 


Copies available from 

The Business Manager, 
Publication Unit, NCERT, 
B-31 Maharani Bagh, 
NEW DELHI 


■> 

■o- 

■o- 

■> 

■O' 

■ 0 - 

■ 0 - 

■ 0 - 

■0- 

■ 0 - 

* 

■O' 

■ 0 - 

■> 

* 

■> 

■ 0 - 

■0- 

■o. 

■> 

■o- 

* 

■o- 


$■ 

■o. 

■o- 

o- 

■fr 

■> 

■o- 

t 

$■ 

■O' 

■ 0 - 

■ 0 - 

■O' 

■> 

t 

* 

■fr 

* 

■O' 

t 

■O' 

■O' 

O' 

-O' 

■0- 

■O' 

•0> 

* 

■O' 

■O' 

«■ 

-o- 

<r 





Gravitation - Relativity - Geometry 

P. C. Vaidya 


tT is said that when Archimedes sat 

m his bath tub, modem science was 
bom and when Newton sat in bis 
orchard it came of age. Newton re¬ 
organized the then existing knowledge 
about motion of bodies into his three 
famous laws of motion and made the 
most capital discovery of the law of 
universal gravitation. Ilis law of gravi¬ 
tation may he stated in the following 
form: 

Every particle in the univcise at¬ 
tracts every other particle with a 
foice which varies directly as the 
product of the masses and inversely 
as the square of the distance between 
them. 

It is well known that with the law of 
gravitation and with his three laws of 
motion, Newton could explain diverse 
phenomena like the motion of a pen¬ 
dulum 01 of a spinning top, the motion 
of the planets, the phenomena of tides 
and so on. As a matter of fact the 
entire edifice of modem engineering 
stands essentially on the three laws of 
Newton. Let us examine his law of 
gravity in detail, 

Universality of the Law 

Newton’s law is called die Law of 
Universal Gravitation. In the statement 
of the law which we have given above 
there is a mention about something 
that happens with any two particles in 
the universe. One may as well 
wonder: What led Newton to describe 
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something which should obtain any¬ 
where in the universe when his obser¬ 
vations were limited to his orchard 
only? This is a question which can be 
asked about all laws of physics. Boyle 
performed a set of experiments in his 
kitchen and deduced what is known as 
Boyle’s law that at constant tempera- 
true, the pressure of a gas varies in¬ 
versely as its volume. Nobody has 
ever suggested that ibis law will be 
true only if the experiments were per¬ 
formed in Boyle’s kitchen. This points 
to an essential difference between local 
or municipal laws and the laws of na¬ 
ture. Laws of liatmc, as the name sug¬ 
gests, are not laws of a particular place 
or time but must hold good every¬ 
where in nature. 

How does a scientist deduce a law 
of nature holding good anywheie in the 
universe from a set of observations 
limited to his laboratory? Scientists 
must have before them some criteria 
by which they must be able to weed 
out local effects in their observations, 
single out universal effects and weld 
these universal effects into a law of na¬ 
ture, Such a criterion must have exist¬ 
ed in some form or another since the 
days of Archimedes when modern 
science was born, 

Such a criterion is known by the 
name of the Principle of Relativity, A 
principle of relativity has been known 
since the days of Archimedes, but the 
first conscious use of this principle for 
testing laws of nature was made 
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explicitly by Einstein only in 1905 and 
it is no wonder that aftei that date 
there has been a phenomenal lise in 
the giowth of our knowledge about 
nature 

Relativity Criterion 

We shall now tiy to understand 
this ciiteiion of relativity and then see 
how Einstein used it to test the univer¬ 
sality of Newton’s law of giavitation. 

The physics that is studied in India 
is the same as the physics that is 
studied in USA 01 USSR The ex¬ 
periments that aic described in a 
textbook of physics could be perform¬ 
ed anywhere on the earth and if the 
experiments are peiformed undei pres¬ 
cribed conditions, the same results will 
follow everywheic But what about 

the Moon? If the Boyle’s law apparatus 
is transfeired to the Moon 01 to the 
planet Mars and a constant tempera¬ 
ture for die gas is maintained, do we 
expect the pressure and the volume to 
vary along the familiar liypeibola? We 
should really expect the same beha¬ 
viour but we aie not diat sure for die 
Moon 01 Mars as we were for any labo- 
latory on eardi. Let us be more 
explicit. We have here two compari¬ 
sons : (l) comparison between results of 
identical experiments peiformed at a 
laboratory, say T, m India and a labo¬ 
ratory, say ‘U’ in USA (ii) a compaii- 
son between experiments performed 
in a laboiatoiy T on the earth and 
a laboratory ‘M’ on the Moon. One 
feels quite sure about obtaining 
identical results from identical experi¬ 
ments performed in T and ‘U’ but 
one is not tiiat sure about the same 
experiments when peiformed in T and 


‘M’. What is the diffeience in the pair 
T and ‘U’ and the pair T and ‘M’P Of 
couise T and ‘U’ aie both fixed on the 
eaith while I is on the earth and M is 
on the moon and the moon moves 
iound the earth. One essential dif¬ 
ference which leads to .the doubt ex¬ 
pressed above is the diffeience of re¬ 
lative motion T and ‘U’ have no 
i dative motion but T and ‘M’ have 
lelative motion. If we can ensuie that 
relative motion between observeis will 
not affect then observations, we can be 
sure of the identity of results at T and 
‘M‘. The essential featiue of the cri¬ 
terion of relativity is to ensure that the 
relative motion between two observers 
should not affect their observations of 
nature. We can state this criterion of 
relativity in a more refined way as fol¬ 
lows. 

If two observeis having motion 
lelatiye to each other describe a cer¬ 
tain phenomenon in identical terms 
then that phenomenon is a phenome¬ 
non of nature and the identical des- 
ciiption is a Law of Natuie. 

Einstein’s Thought Experiments 

We shall now see how the above cri¬ 
terion of relativity was used by Ein¬ 
stein to test whether Newton’s law of 
gravitation was really a law of nature 
or not. 

Many must have observed falling ap¬ 
ples before the days of Newton. But 
when Newton observed the falling apple 
in his orchard he was conscious that he 
was observing a phenomenon of nature, 
yes, a phenomenon of natuie in the 
sense of the definition given here in the 
earhei section. This was the reason wliy 
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from this simple obsei-vation he was 
led to a law ol nature. Einstein though! 
out an cxpenment to test whether this 
phenomenon of falling apple satisfied 
the criterion of relativity m order to be 
classified as a phenomenon of natuie. 

Let us think of a lift descending 
from the top floor of a high skyscraper 
like the Empire State Building and con¬ 
sider the unfortunate event in which 
Lhe cable supporting the lift snaps. The 
lift will then start falling fieely under 
gravity like the celebrated apple of 
Newton’s orchard. Let us further ima¬ 
gine a mathematician A in this fieely 
lulling lift. He can, of course calculate 
the time t (which will be of the oidei 
of 2 or 3 seconds for most skyscrapers) 
which the lift will take to reach the 
ground. While we, on the ground are 
worried about what would happen 
after that time t, the mathematician A, 
being a wise man, would like to make 
the best use of these 2 or 3 seconds 
available to him and so decide to test 
Newton’s law of gravitation, In order 
to make a comparison we must have 
another observer B on the ground. 
Since oidinary persons on the ground 
would at that moment be thinking 
about police, ambulance, hospital and 
such other things, we must imagine B 
to he a mathematician on the ground 
who is not normally worried about such 
mundane things. (It is no wonder that 
the experiment is a thought experi¬ 
ment i.e., an experiment which is ima¬ 
gined but not actually performed. Who 
would like to take the place of the wise 
man A?) 

So A decides to test gravity. He 
takes out a chalkpiece from his pocket, 


laises il to the level of his eyes and 
then lets it go. What will he obseive? 
Will he see the piece of chalk moving 
down towards the floor of the lift? 
How could that happen? He himself 
is falling freely i.e, his eyes have the 
same speed and acceleration as this 
piece of chalk. As the piece of chalk 
falls down, he with his eyes also falls 
down the same distance. Thus the 
vertical distance between his eyes and 
the chalk piece does not change. He 
will find the piece of chalk poised in 
air before his eyes. For him, the piece 
ot chalk is not falling downwards but 
remains at rest at the level of his eyes. 
He may as well be wondering: ‘Has 
the earth gone on vacation? Why is it 
not attracting this piece of chalk?' 
Earth is a body in the universe. The 
piece oi chalk is also a body in the uni¬ 
verse. For the observer A these two 
bodies in the universe do not attract 
each other. 

But the other mathematician B on 
the ground maintains that they do at¬ 
tract each other. For B, die piece of 
chalk is falling downwards towards the 
earth. For him the lift and therefore 
the observer A is also falling freely 
downwards towards the earth. This 
means that the two observers A and B 
have relative motion. We can there¬ 
fore imagine two observers in relative 
motion such that the two describe the 
phenomena of falling objects in differ¬ 
ent terms. A says objects are not falling, 
B says they are falling. Thus the phe¬ 
nomena of falling apples is not a na¬ 
tural phenomenon in terms of our 
definition. The statement of the law of 
gravitation as given by Newton does 
not pass the test of relativity criterion 
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as illustrated by this thought expeii- 
ment of Einstein. 

So what! Does this mean that gravi¬ 
tation does not exist? Well, one has 
just to throw a stone vertically upwards 
and not to move away from the place of 
projection to receive a direct proof on 
the head that gravitation does exist! 
(This should again be taken as a 
thought proof—proof to be thought of 
but not to be demonstrated!) 

This only means that the law of gia- 
vitation has to be reformulated in such a 
way that both A and B describe gravi¬ 
tational phenomena in identical teims. 

Problem of Geometry 

Let us turn again to the Einstein’s 
thought experiment of the falling lift in 
order to see that the problem of rc- 
fomiulation of the law of giavitation as 
refened to at the end of the last section 
is essentially a problem of geometry 

We fix our attention on the observei 
A. He observes the piece of chalk 
poised in the air in front of his eyes. 
Let us imagine that A now gives a tick 
to the chalk in the horizontal direction 
away from his eyes. He will then see 
that the chalk piece sails uniformly in 
a straight line away from him and 
strikes the opposite wall of the lift at 
a point on die same level as his eyes. 

Let us next go to the observer B and 
find out what he has recorded, B has 
found that the chalk piece has moved 
onwards as well as downwards. He 
has thus observed the path, to be a cui- 
ved line, in fact, a parabola. 

It is now our turn to wonder. Is the 
chalk really moving in a straight line 


or in a parabola? 

The observer B who expeiiences 
gravitation in the Newtonion way finds 
paths of certain objects to be paia- 
bolas. The observer A who does not 
experience gravitation in the Newtoni¬ 
on way finds the paths 'of the same 
objects to be straight lines. The differ¬ 
ence in die obseivaions of gravitational 
phenomena, by the two observeis is 
also reflected in a difference in the 
geometrical interpretation of curves by 
die two observers. It appears therefore, 
that the observation of a gravitational 
situation is, m some intricate way, re¬ 
lated to the geometry used to describe 
the situation. We aie seaiching for a 
description of die law of gravitation 
which would be identical for both ob- 
vers A and B. Can we not do it by 
trying to fix up the identity of the geo- 
metiy used by both A and B for des¬ 
cribing gravitational phenomena? We 
can; and that is what Einstein has actu¬ 
ally done. 

In what follows we shall theiefore 
go into the details of development of 
different geometries to see how such 
a progiamme of formulation of the 
relativistically invariant gravitational 
theory was successfully completed by 
Einstein. 

Euclidean Geometry 

The geometry dial is studied in 
schools is the Euclidean geometry. Some 
two tiiousand years back the Greek geo¬ 
meter Euclid collected all the know¬ 
ledge of geometry existing at his time, 
organized it and wrote down the oldest 
known scientific textbooks Euclid’s Ele¬ 
ments. These books have continued 
to be in use in more or less unchanged 



282 


sriIOOI. SCU.Nl.I. 


form all these years. But the, geometry 
described m these Elements would not 
be called Euclidean geomcliy simply 
because Euclid collected the existing 
knowledge and presented it in an orga¬ 
nized foim. Euclid did something moie 
than that. lie looked into the large 
mass of theorems of geometry and 
found that all these theorems could he 
derived from a set of axioms. These 
axioms, in their turn, could not be. ‘de¬ 
rived’ or- proved’ but had to be as¬ 
sumed at the start. Euclid enumerated 
five unpioved axioms at the beginning 
of Iris Elements' and then gas e logical 
deductions of various theorems from 
these axioms. lie very well knew that 
the entire edifice, of geometry that he 
presented in lus Elements ultimately 
depended on the choice of the five ax¬ 
ioms. This is the reason why the logical 
system of geomeliy based on the ax¬ 
ioms chosen by Euclid is given the 
name of Euclidean Geometry. 

The geometry that we study in 
schools is the Euclidean geometry. A 
question naturally arises. Are there 
geometries which aie not Euclidean? 
What would happen if we discard the 
five postulates of Euclid and choose 
some other axioms m llieir place? 
Well, one thing is cei tain—choosing an¬ 
other set of axioms will not be enough. 
One must he able to use these axioms 
consistently and deduce from them 
theorems which are not mutually con¬ 
tradictory. We shall now try to under¬ 
stand two such successful attempts at 
discovering non-Euclidean geometries. 

The Parallel Postulate 

One of the five axioms of Newton is 
the following one which has come to be 


known as the paiallcl postulate: 

‘Gisi'ii a stiaiglit line and a point out¬ 
side it one and only one. sliaighL line 
can lie drawn parallel to the, given 
litre and passing through the given 
point’ 

Euclid Imnsell was not happy with his 
postulate. lie thought that with the 
help of the other four axioms and with 
the help of theorems derived fiom 
these four axioms it would he possible 
to piovc this parallel postulate as a 
theorem. He made many attempts in 
this direction hut failed. And then 
only, almost reluctantly, he admitted 
this postulate in the list of his unprov¬ 
ed axioms. For almost two thousand 
years after Euclid this particular postu¬ 
late has been the subject of study by 
many geometers. Many tried to replace 
this postulate by another one and deve¬ 
lop a self-consistent geometry. Tiro 
fust such successful attempt was that 
of the mathematician Lobatchewsky 
in 1820’s. He kept the first four axioms 
of Euclid unchanged but replaced the 
fifth one by the following' 

‘Given a straight line and a point 
outside it at least two stiaight lines 
can be drawn parallel to the given 
line and passing through the given 
point.’ 

Lobatchewsky was able to develop 
a consistent geometry based on these 
postulates. One of the first proposi¬ 
tions of his geometry was: ‘Given 
a straight line t and a point O 
outside it, if two parallel straight lines 
can be drawn through O parallel to I, 
then three such lines can be drawn 
through O. If three parallel lines can 
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be drawn through O parallel to I, then 
four such lines can be diawn and so 
on. Thus from an outside point O an 
infinite numbei of stiaight lines can be 
diawn paiallel to a given line I.’ 

It is not very difficult to realise that 
Lobatcliewskian geometiy will be quite 
diffeient from Euclidean geometiy. As 
an illustration of this difference let us 
take the well known theorem about 
the sum of the three angles of a tri¬ 
angle. In Euclidean geometry this 
sum is two right angles. If we try to 
recapitulate the pi oof of this theorem 
of Euclidean geometry we shall see that 
the proof depends on producing BC to 
E and drawing CD paiallel to AB. 
(see figure below). Now AB is a 



straight line and C is an outside 
point. In Euclidean geometry from 
C only one straight line CD can be 
drawn parallel to AB and so the 
familiar proof of this theorem could be 
given. But what would happen to this 
pi oof if from C two straight lines could 
be drawn parallel to AB? 

In Lobatcliewskian geometiy the cor¬ 
responding proposition for the sum of 
the three angles of triangle is: The 
sum of the three angles of a triangle is 
always less than two right angles. 

At this stage one may venture a ques¬ 
tion. Which of the two geometries is 


the collect geometry? But, wait a 
minute. What does one mean by cor- 
iect’ geometiy? Let us lemember that 
what we are discussing at present is 
mathematics and not physics. There 
are no laboiatory tests for propositions 
of mathematics. Piopositions of mathe¬ 
matics aie self-consistent creations of 
human mind based on a set of assumed 
lesults, a set of accepted procedures 
and that queer abstraction of common 
sense known as logic. A triangle of 
geomeLry cannot be constructed m a 
workshop. It can only be constructed 
by geometrical (not physical) construc¬ 
tions. In that sense any self-consistent 
system of geometry is as correct as any 
other. 

A more sensible queiy about these 
geometries would be the following: 
Which of the two geometries is more 
useful? The ultimate aim of this article 
is to answer tins query. So let us wait 
till we reach the end of our discussions 

R eimannian Geometry 

We turn again to the parallel postu¬ 
late. I is a given line and O is a given 
point outside it. Euclid assumed that 
only one straight line can be drawn 
through O parallel to I. Lobatchewsky 
assumed that moie than one straight 
lines can be drawn through O parallel 
to I. One case was still left for consi¬ 
deration. As late as the middle of 
nineteenth century, Riemann accepted 
the first four axioms of Euclid but re¬ 
placed his fifth postulate by the follow¬ 
ing 

‘Given a straight line and a point 
outside it, no straight line can be 
drawn parallel to the given line 
through the given point’ 
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He was able to construct a self con¬ 
sistent logical system of geometry bas¬ 
ed on these postulates. Thus was cons¬ 
tructed the third geometrical system 
known as Riemannian geometry. In 
Riemanman geometry there are no 
parallel straight lines; in other words, 
all straight lines must be intersecting 
stiaight lines. 

To realise liow completely different 
this geometry is from the familiar Eu¬ 
clidean geometry or the unfamiliar 
Lobatcliewskian geometry, let us con¬ 
sider the triangle-theoiem in tins geo¬ 
metry. In Riemannian geometiy the 
sum of the three angles of a triangle is 
always greater than two right angles. 

And yet we who hve on the surface 
of the earth should not find anything 
new in Riemannian geometry because 
the geometry on die surface of a sphere 
cannot be Euclidean but must be Rie- 
mannian. 

By definition, a straight line joining 
two points is the shortest distance be- 
ween these two points. Now the short¬ 
est distance between two points on a 
sphere is along the arc of the gieat 
circle joining die two points. Hence 
a ‘straight’ line on a sphere is a great 
circle. Now it is not possible to draw 
a great circle parallel to a given great 
circle. One can draw a parallel small 
circle but not a parallel great circle. 
Thus if one tries to draw a parallel 
‘line’ one docs not get a gieat cucle t.e., 
one does not get a ‘straight’ line. 
Any two great circles on a sphere must 
intersect. There are no parallel great 
circles on a spheie and theiefore there 
are no parallel straight lines in the geo- 
mctiy on a sphere. This geometiy must 


therefore be Riemannian, 

How is it then that we have been 
fieely using Euclidean geometry in 
surveying and other practical measure¬ 
ments of distances on the surface of the 
earth? The foot-ball field on the earth 
is a plane and we draw straight lines 
as ‘straight’ and not curved like gieat 
cucles. As a matter of fact, we use 
Euclidean geometry on the foot-ball 
field. But a foot-ball field is a very 
small—indeed msignificandy small—por¬ 
tion of the surface of the earth. On 
the othei hand when the path of a non¬ 
stop airplane flight between two dis¬ 
tant points on the eardi is plotted, this 
path is mvaiiably a gieat circle. The 
curvature of the sphere can he neglect¬ 
ed when we consider only a small poi- 
lion of the suiface of the spheie and so 
this small portion could be regarded as 
Hat and great circles in this flat osculat¬ 
ing region become straight lines. 

This analogy of the flat foot-ball field 
on the curved surface of tire earth en¬ 
ables us to understand that particular 
pioperty of Riemannian geometiy which 
is useful in understanding Einstein’s 
development of the invariant theory of 
gravitation. The Riemannian geometry 
on a large portion of the surface of a 
sphere 1 educes to Euclidean geometry 
when the size of die portion of the sur¬ 
face under consideration becomes small 

This is a general property of Rieman- 
nian geometry. If in any region of 
space, the geometry is Riemannian, then 
in a small neighbourhood of a point in 
the legion, the Riemannian geometry re¬ 
duces to Euclidean geometiy. One can 
expiess the same property in anothei 
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way. If in a region of space, the geo¬ 
metry is Riemannian, the region of 
space can be regarded as curved. At 
any point in this curved space we can 
choose a small neighbourhood in which 
the curvature of space is negligible and 
so the space in this neighbourhood can 
be regai ded as flat and Euclidean geo¬ 
metry can be used there. 

The Falling Lifts 

Lei us now letum to the falling 
lift experiment of Einstein. We have 
found that the observer A m the fall¬ 
ing lift finds that die path of 
the chalk-piece is a straight line, while 
die observer B on the giound finds die 
same path to be parabola. This situa¬ 
tion is very much similar to our 
drawing straight lines on the foot¬ 
ball fields and great circles on large 
portions of die earth, both these being 
essentially straight lines of Rieman¬ 
nian geometry. There is a very simple 
word— viz., the geodesic—to denote these 
straight lines of Riemannian geometry 
(i.e,, shortest path between two points 
of Riemannian space). 

The geodesics on the curved surface 
of die sphere are great circles. In the 
foot-ball field diese geodesics become 
straight lines. The observations of the 
falling lift suggest that the path of the 
chalk-piece must be a geodesic of 
Riemannian geometry, The falling lift 
can be likened to a small neighbourhood 
of a point (or to the foot-ball field on 
the earth) and so the geometry in this 
small region becomes Euclidean and the 
geodesics become straight lines. For 
the observer B, the curvature is not 
negligible and he finds the geodesics to 
be parabolas. 


Let us pursue this suggestion a little 
further. We have mendoned above 
that the falling lift is a small neighbour¬ 
hood of a point We should really say 
that it is a small neighbourhood limit¬ 
ing die experiences of the obseiver A. 
The smallness of this neighbourhood is 
judged in comparision with the region 
of experience of the observer B on the 
ground. Again tins smallness does not 
refer only to the smallness in length, 
width and the height of the lift (the 
three dimensions of the lift) but also 
to the small time-interval to which the 
experiences of A are limited. The ob¬ 
servations of A are not in a small lift 
but in a small falling lift. The small¬ 
ness of the region of experience of A 
is not only m die 3 dimensions of space 
but also in the fourth ‘time-dimension’. 

Einstein’s Law of Gravitation 

We have seen above diat the world of 
experience of an observer is 4-dimen - 
sional. The falling lift experiment 
cleaily suggested that gravitation had 
to be linked up with geometry and that 
this geomery had to be four dimen¬ 
sional. 

Einstein’s law of gravitation requires 
that die geometry governing the obser¬ 
vations in a gravitational field must be 
Riemannian. In other woids, the four 
dunensional region of experience of an 
observer in a gravitational field is curv¬ 
ed, the geometry being Riemannian 
Einstein gave a formula to find the ciu- 
vature of the world of expeiience, de¬ 
pending on the masses pioducing the 
gravitational fields. If one takes a 
limited region of this world of experi¬ 
ence (like die falling lift), the curva- 
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lure can be neglected and the Rieinan- 
num geometry becomes Euclidean, 

Thus when the two observeis A and 
B m the thought experiment of Einstein 
described gravitational phenomena on 
the basis of Newton’s law their descrip¬ 
tions who different But when they 
describe the same phenomena on the 
basis of Einstein’s law theii descriptions 
become identical. 

Mathematics and Sciences 

Einstein’s development of the in¬ 
variant theory of gravitation clearly 
bring to light the important lole which 
puie mathematics plays in the develop¬ 
ment of science. Euclid developed an 
axiomatic system of geometry. Scores 
of geometeis after him attempted to re¬ 
place some of these axioms and thus 
pioduce new geometries. Lobaichews- 
ky and lliemann succeeded in develop¬ 
ing two alternative geometries. One 
may just wondci—why this intense in¬ 
tellectual activity spread over some two 
thousand years. None of the mathe¬ 
maticians engaged in this activity had 
ever suspected that what they were dis¬ 
covering would some day he used in 


developing a theory of giavitation 
\\ hen a mathematician works out new 
disciplines m this subject lie is woilc- 
mg to satisfy his emiosity, his sense 
of abstraction and generalization; in 
slant, be is developing mathematics for 
the sake ol mathematics. 

A scientist on the other hand is inte¬ 
rested in observing, studying and under¬ 
standing liatiue. In this piocess a 
stage comes when lie has to look to dis¬ 
ciplines developed by pure mathemati¬ 
cians to gam bcttei understanding of 
natuie. With this bollci undeistanding 
about lialiuc the scientist proceeds to 
develop bollci methods of harnessing 
the forces of naliuc in the service of 
the society. In this way the contact is 
finally made with the man m the street. 

While the scientist, m this way, goes 
on converting the mathematical deve¬ 
lopments into useful tools m the ser¬ 
vice of society, the pure mathematician 
goes on developing moie and moie pure 
mathematics tempting future scientists 
to develop more and more useful tools 
and in this way the caravan of progress 
lemains continuously on the move. 
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The Solar Wind 

W.I. Axford 


rpHE solar wind is a highly supei sonic 
stream of low density solar ‘plasma’ 
which moves almost radially from the 
Sun at all times; its existence lias recent¬ 
ly been confirmed by a number of 
space probes and satellites, notably 
Marmei II and Explorer XVIII (IMP- 
A). Some of the observed characteri¬ 
stics of the solar wind near the Earth’s 
oibit are summarized m the accompany¬ 
ing table. Most of the ions in the 
plasma are pioLons (hydrogen nuclei) 
—usually 10 per cent—but with consider¬ 
able fiucluations about this value 

It is clear from observations in space 
and also by other less diiect methods 
that the solar wind is by no means a 
sleady phenomenon Sudden enhance¬ 
ments of the wind to velocities of 1000- 
2000 km per sec and densities of per¬ 
haps 30 proton-electron pairs per c.c 
aie known to oceui m association with 
solar flares, especially duiing the active 
phase of the 11-year sunspot cycle On 
encountering the Earth’s magnetic field 
these enhancements cause magnetic 
storms and aurorae, and also produce 
variations in the cosmic ray intensity ob¬ 
served on the Earth (Figure 1). 

Magnetic storms are manifested by 
particularly violent fluctuations of tlio 
magnetic field observed at the Earth’s 
surface and by disturbances in the iono¬ 
sphere which interfere with radio-wave 
reception The luminescence of the 
upper atmosphere which constitutes the 
auiora, appeals to result from the pene- 



Tima in Hour* 

Figure 1, Characterislic features of a 
magnetic storm (a) Forbush decrease of 
the galactic cosmic ray intensity (b) The 
variation of the horizontal comnonent of 
the Earth’s magnetic field (c) The occur¬ 
rence of aurorae 


tiation of solar wind particles into the 
polar regions of die Earth, although theii 
path is not a simple one judging fiom 
the complicated pattern of many auro- 
lal displays. The most impoitant vari¬ 
ation of the cosmic ray intensity occur¬ 
ring at the time of magnetic storms is 
the Foibush decrease, named after its 
discoveier, Scott Foibush of the Car¬ 
negie Institute of Washington; this is 
probably due to the sweeping of cos¬ 
mic rays away from the vicinity of the 
earth by the enhanced solar wind. 

During the period of sunspot mini¬ 
mum, when flaie activity is low, most 
of the incicases in the solar wind Aik 
appear to be associated with hot plage’ 
regions on the Sun. These plage re¬ 
gions turn with the Sun m its 27-day 
penodic enhancements of the solai wind 
which are made evident on the Earth 
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Proton flux 

Typical range oi 
velocities 
Average velocity 


Density 

Temperature 

Typical proton 
energy 

Typical electron 
Energy 

Mach number of 
wind 

Magnetic field 
strength 


10 to 10 per sq. cm 
per sec 

250-800 km per sec 

500 km per sec 
(Mariner II, 1962) 
400 km per sec 
(IMP-A, 1964) 

1 to 20 protons per 
cu cm 

1000000 to 5000000 "K 
1 kev 

50 ev 

5 to 10 

5 gamma 

(5xl0- 5 gauss) 


Table 1. Some observed characteristics 
of the solar wmd near the Earth's orbit. 


in the form of recurrent geomagnetic 
storms. Minor fluctuations in the solar 
wind flux occur at all times; there is some 
suggestion that this ‘turbulence' was 
less pronounced during the period of 
the IMP-A observations than during the 
flight of Mariner II at a more active 
period of the sunspot cycle; however. 


tliis is not properly established at pie- 
sent. Seveial families of recuirent solm 
wind enhancement were observed by 
Mariner II, and it was also shown that 
the level of geomagnetic activity was la¬ 
ther well con elated with the solar wind 
velocity. 

Since the beginning of the century it 
has been known that the Sun emits 
occasional bursts of particles which 
cause magnetic storms and aurorae on 
interacting with the geomagnetic field. 
However, until quite recently it was be¬ 
lieved that these particles were confined 
to rather distinct beams which consti¬ 
tuted anomalies in the interplanetary 
medium as a whole. Sydney Chapman, 
for example, considered the interplane¬ 
tary medium to be the static extension 
of the solar corona, while Fred Hoyle 
and others thought it might consist of 
inflowing interstellar gas attracted hv 
the Sun’s gravitational field. 

The first suggestion that the emission 
of particles by the Sun is a more 



Figure 2. (a) An example of a type-1 comet tail 
(Halley's comet, 4 May, 1910; the other big object is 
the planet Venus) (b) Typical behaviour of a type-1 
comet tail during passage of the comet around the 
Sun, The tail extends more or less radially away from 
the Sun at all points in the orbit. 
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general phenomenon which persists at 
all times and effectively constitutes the 
interplanetary medium, was made by 
Ludwig Biermann in 1951 on the basis 
of arguments concerning the behaviom 
of the gaseous (Type I) comet tails. 
These comet tails point almost directly 
away from the Sun irrespective of the 
motion and position of the comet (see 
Figure 2). It was previously accepted 
that this was due to the pressure of 
sunlight. However, the acceleration of 
visible featuies in the comet tails is 
found to be much too rapid to be ade¬ 
quately explained on this basis, and 
one is therefore forced to consider the 
possibility of streaming particles as the 
main cause. 

The evidence of the comet tails sug¬ 
gests that tliis outflow from the Sun 
occurs at all times, even at sunspot 
minimum when the Sun is least active. 
Hie particles also appear to travel in 
all directions away from the Sun, al¬ 
though with possibly diminished inten¬ 
sity from the polaT regions. Additional 
evidence for continual corpuscular radia¬ 
tion can be deduced from the observa¬ 
tions that the Earth is never entirely 
free of magnetic disturbances and that 
the polar aurora occurs to some extent 
at all times. 

Biermarm’s suggestion was taken up 
by E.N. Parker of the University of 
Chicago, to whom we owe the name 
'solar wind', Parker made an essential¬ 
ly simple mathematical model which 
showed that the solar wind is a direct 
consequence of the hydrodynamic ex¬ 
pansion of the hot solar corona into the 
near vacuum of surrounding space. He 
has also made it clear that since the 


corona is too hot to be confined by the 
Sun’s giavitational field, the earlier 
view that the interplanetary medium 
is largely a static extension of the 
coiona is untenable. 

The solar wind cannot extend indefi¬ 
nitely fai from the Sun, but eventually 
should be stopped by the interstellar 
medium It is believed that when the 
ram pressure of the solar wind is suffi¬ 
ciently attenuated by spreading through 
a large volume of space and becomes 
comparable to the inward pressure of 
the interstellar medium, a standing 
shock wave occurs This causes the 
wind to become subsonic by reducing 
its bulk velocity at the same time as 
increasing the random motions of the 
individual particles. The material is 
then able to cool by mixing with the 
interstellar gas and it gradually disper¬ 
ses and becomes part of the interstellai 
medium, as sketched m Figure 3, 


/// 



Figure 3. Interaction of the solar wind 
with the interstellar medium. The solar 
wind is supersonic and moves radially 
outwards within a roughly spherical 
cavity of radius about 50 times the Earth- 
Sun distance Beyond the shock wave 
which forms the cavity boundary the 
solar plasma cools and mixes with the 
interstellar medium. 
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The avciage size of the cavity in 
which the solai wind remains supei- 
sonic has been estimated to be about 50 
times the Eaith-Sun distance, which is 
xouglily the extent of the known system 
of planets, however, this figure might 
bo in eiroi by a factor 3. One would 
expect the cavity to he linger at sunspot 
maximum than at sunspot minimum due 
to increased solar wind piessuic, and 
it lias been suggested that herein lies the 
cause of the eleven-year variation of the 
intensity of galactic cosmic rays 
(Figuie 4i) The solar wind tends to 
blow cosmic rays away fiom the sun, 
and so the cosmic lays should be pushed 
out of the iunei solar system moie 
effectively at sunpot maximum than 
at sunspot minimum as indicated in 
Figure 4ii 

Perhaps the most interesting aspect 
oi the solar wind is its interaction with 
the geomagnetic field. The latlei is 
confined by the flowing plasma into a 
tear-diop-shapod legion which at alti¬ 
tudes greater than 100 km above the 
Earth is termed the ‘magnetosphere’ 
(Figure 5). The sunwards side of the 
magnetosphere is blunt, its shape being 
hugely determined by a balance bet¬ 
ween the external solai wind pressure 
and the piessure of the Earth’s magne¬ 
tic field in the interior. The down¬ 
stream ‘tail’ of the magnetosphere pro¬ 
bably extends far beyond the oibit of 
the Moon to peihaps several million 
kilometres. Further downstream a 
wake of some sort should occur, and it 
is expected that tins will be observed by 
Mariner IV as it passes behind the 
Earth on its way to Mars early this year. 



Figure 4. (l) Percentage variation of the 

galactic cosmic ray intensity at a typical 
mid-latitude station (1954, 100 per cent). 
Note that minimum intensity cocurs 
roughly at sunspot maximum (1958-59). 
(ii) Possible explanation of the effect 
shown in (i), The solar wind causes a 
reduction of the intensity within the 
cavity sketched in Figure 3. At sunspot 
minimum the cavity is smaller (A) than 
it is at sunspot maximum (B), giving a 
corresponding variation of the cosmic 
ray intensity (a-b) at the Earth. 

I'he tail of the magnetospheie appears 
to he more than a mere shadow zone, 
for the cliaracleiisUcs ol the Earth’s 
magnetic field in this region suggest 
tlmt it lias been diagged out by the 
solar wind, implying that some viscous- 
like mechanism is operative. Many 
features of the magnetic storm phe¬ 
nomenon, especially the aurorae, lepie- 
sent essentially dissipative processes, 
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Figure 5, Flow of the solar wind around the magne¬ 
tosphere, showing the bow shock wave produced in 
the upstream side of the magnetasphere, and the ex¬ 
tended 'tail' formed by the downwind portion of the 
magnetosphere Note the tendency for oppositety 
directed field lines to lie next to each other m the tail, 
giving a ‘neutral’ sheet 


and thcie is a strong body of opinion 
which considers this dissipation to he 
associated with the viscous-like compo¬ 
nent of the solar wmd-magnetosphere 
interaction and hence with the formation 
of the tail. 

In particular - the neutral sheet’, a 
region of low magnetic field strength 
which separates the incoming and out¬ 
going field lines in the tail, has been 
predicted to contain a relatively hfgh 
flux of energeiic electrons. It has been 
suggested that these particles are ulti¬ 
mately driven towards the Eaith where 
they are mostly precipitated into the at¬ 
mosphere to produce aurorae, although 
some escape and contribute to the Van 
Allen radiation belts surrounding the 
Earth, Until quite recently there has 
been very little information concerning 
the tail; however, observations from Ex¬ 
plorer XIV and IMP-A have shown that 


the magnetic field configuration of the 
tail is indeed as indicated in Figure 5. 
Thcie me also indications fiom early 
Russian Lunik observations and lately 
from the Vela Hotel satellites that there 
are substantial electron fluxes associa¬ 
ted with the neutral sheet’. 

An important feature predicted for 
the solar wmd-magnetosphere inter¬ 
action is that a standing shock wave 
occurs on the upstream side of the 
magnetosphere, similar to the bow shock 
wave ahead of a le-entering missile or 
to the bow wave of a tugboat. This 
causes the solar wind to be brought al¬ 
most to lest and the protons to share 
their energy with the electrons. The 
excellent IMP-A observations have con¬ 
firmed the existence of this shock wave 
and constitute the first unambiguous, 
obseivations of the so-called ‘collision- 
free’ type of shock wave which is 
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predicted to occur in low density 
plasmas when the particle mean free 
path is very large, The possibility of 
such a collision-fiee shock was first sug¬ 
gested more than a decade ago by T. 
Gold, who pointed out that the sudden 
onset of geomagnetic storms requires a 
relatively thin shock to precede tire 
plasma ejected from a solar flare. In fact, 
a shook wave of this type propagating 
thiough tire interplanetary medium was 
observed by tire Mariner II plasma and 
magnetre field detectors. 


It is fair to conclude that the remark¬ 
able progress that has been made in the 
last few years has led us to the verge 
of a complete explanation of the auroral 
and magnetic storm problems. The be¬ 
haviour of comet tails and cosmic rays 
as well as many other phenomena are 
also becoming understood.. There is an 
additional bonus in detailed information 
concerning plasma processes, which can¬ 
not possibly be obtained from the rela¬ 
tively dense, shortlived, and usually 
contaminated plasmas that aro produced 
in the laboratory. 
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Madame Marie Curie - Radioactivity 

and Atomic Energy 

N. R. Dhar 

Sheila Dhar Institute of Soil Science, 
University of Allahabad 


A S late as 1895 physicists and chem- 
U*- ists seemed to be convinced that 
the ultimate particles of matter consist 
of atoms which cannot be further 
broken down In 1896 a new phenome¬ 
non, i e., mdioactivity, was discovered 
by Henri Becquerel (1852-1908) of 
France, which changed our ideas re¬ 
garding the ultimate paiticles of matter 
The disco veiy of X-rays by Prof. 
Rontgen (18454923) in 1895, of 
cathode rays by J. Plucker (1801-1868) 
and otheis also helped in modifying the 
scientists’ notion regarding the atom. 

Prof Becqueiel was the Head of the 
Physics Department of the Natural His¬ 
tory Museum in Paris and was an autho¬ 
rity on fluorescence of uranium com¬ 
pounds He exposed a fluorescent 
potassium uranyl sulphate crystal to 
sunlight and then placed it- on a photo¬ 
graphic plate wrapped in black papei 
and observed an image of the crystal on 
the photographic plate when it was 
developed. In the next few days there 
was no sunlight in Pans and Becquerel 
put the crystal over a photographic 
plate wrapped in black paper. In this 
case also an image of the crystal ap¬ 
peared on the plate. He reported 
to the French Academy of Sciences in 
February 1893 (Compt. rend. 122, 
420; 24 February, 1896) that this salt, 
must emit radiations which are capable 


of passing through paper, opaque to 
ordinary light’. He also oh sewed that 
the same effect was produced in the 
dark and by other uranium compounds, 
and the ladiations given out by uranium 
made a gas conduct X-rays and 
cathode rays. This was the dis¬ 
covery of the radioactivity of uranium, 
which is spontaneous decomposition of 
matter into smaller particles. This 
subject of radioactivity was greatly ad¬ 
vanced by Madame Curie with the help 
of her husband, Pierre Curie, because 
they made die capital discovery that a 
very highly radioactive material, which 
was named radium, was present in the 
mineral pitchblende even after the re¬ 
moval of uranium compounds. Radium 
decomposes spontaneously and much 
more vigorously with liberation of heal 
and other radiations than the uranium 
compounds. This discovery made it pos¬ 
sible for man to visualize die produc¬ 
tion of energy by the breaking of atoms. 

Maiya (Marie) Curie was the 
daughter of a Polish Professor 
Sklodovslca and was bom at Warsaw on 
7 November, 1867. As Poland was 
backward in science at that time, she 
had to learn science from books; but, 
in 1890 she could carry on some ele¬ 
mentary experiments in physics and 
chemistry in her cousin’s laboratory 
She wanted to study science in the 
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gloat centre of learning. Pans, and liatl 
to save money for this purpose by solv¬ 
ing as a governess for about six years. 
She joined for a slioil while her sister 
and brother-in-law at Paris. Soon after- 
winds she shifted to cheap lodgings and 
registered heiself foi Licence Degioe 
m Science Faculty, University of 
Pans, Soiboimo, in 1891 She. obtained 
first position in Licence in physics in 
1893 and second position in mathe¬ 
matics in 1894 whilst living in Pans 
under gieat privations. In 1893 she 
carried on some research work on the 
magnetic piopcrtics of steel under Prof, 
G. Lippmann, a Nobel Laui cate in Phy¬ 
sics and came in contaot with Prof. 
Pieue Curie of the Ecole do Physique 
cL dc Chimic, Paris, a great authority 
on magnetism. 

Fioni 1896 she carried on the chemi¬ 
cal analysis of numerous uranium mine- 
rals found in Prof. BeccjiiOrel's Institute 
and other laboratories in Paris and made 
a stiilung observation that the uranium 
content of these minerals and then 
power to discharge a charged gold leaf 
electroscope do not go hand in hand. 
The power to discharge a gold leaf 
electroscope, which is caused by the 
radioactivity of the mineials and the 
ionisation of the surrounding aii, may be 
large, specially of pitchblende, even 
aftei Lhe separation of uranium. By 
that time, that is in 1895, slic was mai¬ 
med to Prof. Cuiic who realised the 
importance of the investigations under¬ 
taken by his wife and joined her in 
these researches. The husband tackled 
this problem from the physicist’s point 
of view and concentrated on the deter¬ 
mination of the properties of the radia¬ 


tions given out lie and ollreis proved 
that the radiations emitted by ladio- 
aetive bodies consist of u -particles, 
positively charged, consisting of helium, 

P -rays which arc negatively charged 
and y-iays, similar to X-iays, nro given 
out. Madame Curie devoted herself 
to tin' chemical manipulation of separat¬ 
ing large amounts of cxtiancons sub¬ 
stances dealing with one ton of pitch¬ 
blende supplied by the Austrian Gov¬ 
ernment from which uranium was sepa- 
i sited In April 1898 she came to the 
conclusion that pitchblende contains 
an unknown element, much more ladio- 
active than mamtim The pioblem was 
to sepaiale the active muteual fiom 
pitchblende by chemical gioup separa¬ 
tion and fractional crystallization. The 
radioactivity of the products was deter¬ 
mined by the elcetrmnetei method. 
The laborious and the tedious chemical 
separation was under taken by Madame 
Curie. One evening aftei returning to 
their laboratory in the Ecolc cle Physi¬ 
que et dc Chimic, the Curies were 
pleasantly surprised to find that their 
radioactive products were emitting light 
in the dark loom. 

Discovery of Radium by Pieire and 
Madame Curie 

In June 1898 a radioactive element 
was obtained in bismuth sulphide 
precipitate and was named polonium 
alter the name of the motherland of 
Madame Curie. In December 1898 tire 
discoveiy of radium in the barium sul¬ 
phate precipitate was announced. This 
impure ladram preparation showed a 
ladioactivity which was million times 
gieater than that of uianium. 
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A thud radioactive element was dis¬ 
covered in the ammonium hydroxide 
pi capitate containing fenic and rare 
caiths compounds by A Debieme in 
1900, who was helping Piene and Ma¬ 
dame Curie They called this pioduct 
actinium, which was also independently 
discovered by O. Giesel (1852-1927), 
who was a chemist m a quinine factoiy 
in Biunswick. It has been lepoited that 
Giesel also pieparcd and sold radium 
biomidc and his own bieath was found 
to be ladioactive, although he lived 
over 25 yeais after the discovery of acti¬ 
nium. Madame Curie piesented hei 
thesis foi the D.Sc, degree in the Sor- 
honne in 1902 embodying liei leseaiches 
on radium and radioactivity, and the 
same was published in the following 
year. In 1902 she determined the 
atomic weight of radium by piecipita- 
ting 0.09 of indium chlonde with silvei 
nitrate and obtained a value of 225 as 
tlie atomic weight of ladium. Again, 
in 1907, woildng with 0.4 of ladium 
chloiide, she found the atomic weight to 
be 226.4 taking silver as 107.88 and 
chlorine 35.46. The eminent authority 
on dcteunination of atomic weight, 
Prof. Homogschmid of Vienna, in 1911, 
obtained a value of 225.95. Aston’s 
mass speed ograph indicated the value 
as 226.1. The accepted value today is 
226 05. In 1910 Madame Curie and 
Debieme isolated metallic ladium by 
electrolysing a solution of radium chlo- 
ude with a mercury cathode The mer¬ 
cury was separated from the amalgam 
by distillation. 

Radioactivity was intensely studied 
all over the world, specially by Ruther¬ 
ford (1871-1937) in Canada and Eng¬ 
land, Soddy (1877-1956), Fajans, Bolti- 


wood, O. Hahn and others Ruthei- 
ford studied the activity of uiamum and 
thoiium and reported m 1899, that the 
lays emitted by uranium weie of two 
lands (i) those stopped by tlun sheets 
ol aluminium which he called a-rays, 
and (li) the other lequinng much 
thiclcei sheets of aluminium designated 
as -lays, which aie deflected by a 
magentic field 

Madame and Pieire Cunes leported 
in 1900 that /3-rays carry a negative 
chaige Becqueiel, m 1900, by deflec¬ 
tion in electric and magnetic fields de¬ 
termined the velocity (1.6 x 10 1 ' 1 cm, 
pei second) and the iatio of chaige to 
mass (c/m — 3 x 10 u e.s.u/g of 
/3 -rays). These values aie of the same 
older of magnitude as those foi cathode 
lays Strutt (4th Baion Rayleigh) in 
1901 and Ciookes in 1902 suggested 
that a-iays were positively charged 
paitides of relatively Iaige mass, This 
was confirmed by Rutherford in 1903 
Villaid discovered the rays which weie 
called y-rays by Rutheiford. They aie 
moie pcnetiating than /3 -lays and not 
deflected by magnetic field. 

In 1910 Madame Curie could piepaie 
one gram of ladium from pitchblende 
after great efforts and presented this 
valuable material to her laboiatory. In 
1920 she was invited by the women of 
America and many honorary degiees 
and distinctions were showeied upon 
her, and the women of America sub¬ 
scribed for the puichase of another 
gram of radium for her institute. 

Madame Curie, First Woman Professor 
of the Sorbonne and twice Recipient of 
the Nobel Prize 

In 1903 the Davy Medal of the Royal 
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Society of London was awarded to Pio- 
fcssoi Pierre and Madame Guru-. The 
Nobel Prize of 1902 in Physics was fust 
awarded to Prof. Bocquerel and Pieiro 
Curie, who represented to the Nobel 
Committee that the discovery of radium 
was as much due to him as to Madame 
Curie, and, the Committee agieed to 
awaid half of the Nobel Prize to the 
husband and the other half to the wife. 
In April 1906 Pierre Curie was lolled in 
a street accident in Paris, The authori¬ 
ties of the University of Paris appointed 
Madame Curie as Pierre Curies succes¬ 
sor to the Chau - of Geneial Physics at the 
Soibonne. This was the first time that 
a woman was appointed as University 
Professor. In 1911 Madame Curie was 
awarded die Nobel Prize in Chemistry, 
Thus she was die only recipient of the 
Nobel Prize twice in science. 

Since 1900 the physiological effect of 
radium rays was investigated by the 
Pasteur Institute of Paris and the Paris 
University jointly established a radium 
institute known as Pavilion Curie widi 
Madame Curie as die Director of 
Physical Sciences, which was ready for 
occupation in July 1914-1918. Madame 
Curie installed X-ray equipment for 
military purposes in 20 motor cars and 
200 hospitals m different parts of France 
for the treatment of the wounded. 

From her research institute 483 
scientific communications of which 34 
were theses and 31 publications in the 
name of Mme Cmie appeared during 
the penod 1919 to 1934. Doctor Re- 
gaud, Director of the Biology and Medi¬ 
cine Branch of the Pavilion Curie 
treated 8319 patients from 1919 to 1935, 
Baron de Rothschild and Lazard Freres 


and an aimmiymous donor contributed 
3 5 million fumes to the Curie Founda¬ 
tion. 

Life. Pension Sanctioned by French 
Government in 1023 

On 26 Dminbi'i, 1923. i r\ 25 
years alter the discovery of radium, the 
French Government voted 40,000 fiancs 
as annual pension to Madame Curie 
with the right of inheritance to her 
daughters Iiciu* and Eve. 

Pi of. Regain! wrote: ‘Madame Curie 
can be counted among the eventual 
victims of the radioactive body which 
she and her husband discovei ecl‘. 

Death of Madame Curie Cauacd by 
Radioactive Emanations 

In 1934 she became seriously ill and 
proceeded to the Sancellemoz Sanatori¬ 
um where she died. The Officer-in- 
Chaige, Doctor Tobe recoided; The 
disease was a plastic pernicious anaemia 
of rapid, feverish development. The 
bone marrow did not react, probably 
because it had been injured by a long 
accumulation of radiation.’ Due to 
constant exposure to the highly toxic 
lays from radioactive substances investi¬ 
gated by them, Irene and her husband 
also died prematurely, 

Madame Curie — a brilliant Director and 
Lecturer 

Prof, Einstein stated: ‘Marya Cuiie 
is of all the celebrated beings the only 
one whom fame has not corrupted/ 

I had the honour of working in her 
institute for two years: 1917-1919, and I 
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found that she took gieat pains in pie¬ 
paring university lectures with experi¬ 
mental demonstiations in which her 
daughter Iiene helped her. After re¬ 
ceiving the Nobel Prize with her hus¬ 
band, Pi of. Guiie Joliot, Irene visited 
different countiies and visited India in 
1950. 

Prof, jean Peirin, the Nobel Laureate, 
who was also my teacher, frequently 
stated: ‘Madame Curie is not only a 
famous physicist, she is the greatest la¬ 
boratory director I have ever known,’ 
During this peiiod a galaxy of brilliant 
mathematicians and scientists, Henri 
Poincare, Appel, Painleve, Le Chatelier, 
Bouty, Lippmann, I-Ialler, Behai, 
G. Bertiand, Roux, Delepine, Caullery, 
Urabain, Langevin, Duclaux, Job, 
Matignon, Jungfleisch, Pierre and 
Madame Cune, Mouton, Fabry, D. 
Beithclot, Moureu, Dufrai'sse, Grignard, 
Foumiei and otheis were teaching in 
Paris. 

ATOMIC DISINTEGRATION 

The collision of fast a -particles, pro¬ 
tons, deuterons or neutions with atoms 
•of other elements may cause the break¬ 
ing of the nucleus. Rutherford report¬ 
ed in 1919 and 1920 that nitrogen ex¬ 
posed to a particles emits long range 
protons which came from the nitrogen 
nucleus. Similarly, Rutherford and 
Chadwick in 1921, Blackett in 1922 and 
Harkins and Ryan m 1923 demonstrated 
the disintegration of atoms by the cloud 
chamber method. When a -particles 
having mass 4 and charge 2 bombard 
nitrogen atom, mass 14 and nuclear 
charge 7, they enter the nucleus pro¬ 
ducing a particle of mass 18 and nu¬ 


clear cliaige 9, which is an isotope of 
fluorine. This nucleus emits a proton, 
mass 1 and charge 1, producing a 
nucleus of mass 17 and charge 8, which 
is an isotope of oxygen. In 1932, Cock- 
roft and Walton disintegrated lithium 
into helium. This was the first artifi¬ 
cial atomic disintegration by bombard¬ 
ment with high energy protons from hy¬ 
drogen ionised in a discharge tube and 
accelerated by high potential difference 
In 1933, F. Joliot and Irene Curie ob¬ 
served that both positive and negative 
electrons are emitted by thin layers of 
beiylium, boion and aluminium bom¬ 
barded by particles from polonium. In 
1934, they reported that the emission of 
positron persisted after the removal of 
the source of a particle. This was the 
first discovery of artificial radioactivity. 

Fission of Uranium to Barium by 
Otto Malhn and Influence of Chemi¬ 
cal Evidence in Fission. 

E. Fermi and collaborators, by bom¬ 
barding uranium, atomic number 92, 
with slow neutrons obtained by passing 
through water or paraffin wax, thought 
that they had obtained an element of 
atomic number 93. They reported simi¬ 
lar results with thorium in 1934, but 
Frau Ida Noddack criticized Fermi’s 
chemical evidence and stated: Tt is 
conceivable that in the bombardment of 
heavy nuclei with neutrons, these nuclei 
break up into several large fragments 
which are actually isotopes of known 
elements, not neighbours of irradiated 
elements.’ O Hahn and Strassmann in 
1938, by co-precipitating the solution of 
the product of the bombardment of 
uranium with neutrons with a barium 
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salt solution, thought that they had ob¬ 
tained an isotope of radium. After f }-ray 
decay, the products of the homhaidcd 
matciial were pi capitated with lan¬ 
thanum. Hence, the authors legauled 
them as tlie actinium isotopes. Mine 
Joliot Cune and Saviteh, in 1937, re¬ 
ported that the bombarded product con¬ 
centrated with lanthanum rather than 
with actinium. 

Early m 1939, Hahn and Slrassmann 
concluded that their supposed radium 
was actually barium, and from chemical 
evidence they concluded that their acti¬ 
nium and thorium were really lantha¬ 
num and cerium. The authors stated 
that their experimental results contra¬ 
dicted the accepted views in nuclear 
physics. Lise Meitner, who was a col¬ 
laborator of Prof. Hahn for a number 
of years in Berlin, and O.R. Frisch, in 
1939, lepoited that nuclear physics must 
give way to chemistry and stated: ‘On 
the basis of present ideas about the be¬ 
haviour of heavy nuclei, an entirely dif¬ 
ferent and essentially classical picture 
of these new disintegration processes 
suggests itself. It seems possible that 
the ruanium nucleus has only small sta¬ 
bility of form and may, after neutron 
capture, divide itself into two nuclei of 
roughly equal size. 

It was soon discovered that the fis¬ 
sion of uranium by neutrons libeiates 
a large amount of energy according to 
Einstein equation: E=MC 2 where E= 
energy liberated; M=mass destroyed 
and C=the velocity of light. Both 
isotopes of uranium U 236 and U 23S , 
are split by fast neutrons but XJ 235 
is broken up by slow neutrons. In this 


process, moie neutrons aic libeiutcd, 
but the fast neutrons escape quickly and 
it is only the slow neutrons winch aie 
effective fen In caking U„ ;ir> and the men¬ 
tion of an atomic bomb. 

Discovery of Transuranium Elements 

In modem times increasing neutron 
fluxes me being achieved as nuclear re¬ 
actors aro improving and 12 new ele¬ 
ments beyond uranium have been isola¬ 
ted, The first four of these tianswam- 
um (94), americium (95) and curium 
(94), americium (95) and curium 
(96) can be manufactured in kilogiams 
whilst californium (9S) in giams. The 
chemistry of berkclium (97) has been 
studied with submicrogram amount and, 
hence, this element along with einsteini¬ 
um (99), fermium (100), has only been 
obtained in tiaces. The elements up to 
fermium ( 100 ) are foimed from urani¬ 
um 238 by succession of neutron capture 
and p -ray decay as shown by the re¬ 
action leading to the discovery of nep¬ 
tunium and plutonium. 

It 1ms been found that elements of 
atomic number of 100 or moie decay by 
spontaneous fission with very short half, 
life, so that their preparation cannot be 
achieved by exposing uranium or tian- 
suranrum elements to a leactor or more 
rapidly by exploding a thermo-nuclear 
device in a suitably sealed underground 
cave and processing the debris. Such 
elements are prepared by bombarding 
plutonium, cunum or californium with 
boron, caibon, nitrogen, oxygen or neon 
ions accelerated in a cyclotron or lineal 
accelerator.' The yields of mendelevium 
( 101 ), nobelium ( 102 ), lawrencium 
(103) and element 104 are extremely 
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small. Along with tiansuranium ele¬ 
ments, fair amounts of technetium (43) 
and piomethium (61) are formed as 
fission products in nuclear leactors. 
Polonium 210 and actinium 227 can be 
readily synthesized by neutron irradia¬ 
tion of bismuth and radium respectively. 

Atomic Fission Markedly Increases 
Production of tliglily Dangeious Radio¬ 
active Materials 

Before the fission of ur anium by 
neutron in 1939, the amount of radio¬ 
active matter in use in the hospitals and 
laboratories throughout the world was 
only equivalent to a few hundred grams 
of indium of atomic weight 226. Today, 
a low power (10 megawatt) nuclear 
leacloi fed with natuial uranium will 
produce fission pioducts giving out 
a-radiations equivalent to one ton oi 
ladium togethei with a-particles emitt¬ 
ing transuranium elements equivalent in 
activity to 200 grams of radium. The 
generation of large amount of radio¬ 
activity is highly hazardous and the in¬ 
vestigations of the chemical pioperties 
of the new elements are not straight- 
toiwaid because of their radioactivity, 
which is more intense for the higher 
elements. The ladiations emitted have 
two impoitant consequences relating to 
health hazard and to their chemistry. 
The first is that they are among the most 
toxic substances known to man because 
of the irreversible damage to tissue 
caused by such materials. When in¬ 
gested, they are selectively retained in 
critical oigans in the body, Plutonium, 
for example, tends to concentrate in the 
bone; other elements in the series are 
retained in the kidneys or in the gastro¬ 
intestinal tiact. The high toxicity be¬ 


comes immediately apparent when one 
compaies the maximum permissible con¬ 
centrations pei cubic metie in air for 
continuous exposure, assuming a 40-hour 
week with those for the moie conven¬ 
tional poisons. The figures for caibon 
monoxide and hydrocyanic acid are 100 
mg. and 10 mg. respectively while those 
e oi 2a °Pu and 341 Am aie 3 1 x 10~ H 
mg. and 1.8 x 10 _0 mg lespectively 
many orders of magnitude smaller than 
those foi hydrocyanic acid, 

Chemistry played a majoi part in the 
discovery of fission piocess by identify¬ 
ing barium as one of the products of 
thermal-neutron bombaidment of uiam- 
um Chemical processes have also 
played an essential role in the applica¬ 
tion of the fission piocess to the produc¬ 
tion of nuclear power. These piocesses 
involve the treatment of several thousand 
tons of uranium per annum, this tonnage 
is compaiable to that of the metals, 
mcicury and silver, substantially lowei 
than elements such as arsenic, tin and 
nickel, yet rather larger than gold, 
boiyllium and tantalum. 

Two sequences of chemical processes 
are involved. In the first, ore concen¬ 
trates (laigely U 8 O ) are converted to 
nuclear fuels, uranium metal or dioxide. 
In the second, the nuclear fuels, after 
removal from icactors, are treated for 
the recovery of useful constituents, such 
as plutonium or fission-product stron¬ 
tium. The radioactivity in the first cate¬ 
gory is relatively low, but in the second 
very high. 

Thorium as Fissionable Material 

Since the application of uranium in 
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atomic lission as a pcnvei souice has been 
developed to sucli an extent, attention 
has been duected to thorium which is 
more abundant m natuie than uranium, 
as a possible source of the secondary 
nuclear lucl Li 233 . According to J. 
Faoue (i960) an important potential use 
of thorium is its application in the field 
of nuclear encigy. By the capture ol 
slow neutions Th 232 is converted to 
Th 2sa a negative beta paiticle being 
emitted with a 23-mmute half life The 
pioduct ol Tli 232 is protoactmium, 
which is also beta active with a half 
life of 27.4 days. It decays into fission¬ 
able U 233 and a long lived fl _particle 
with 1,63x10 3 years half life. Thus, 
the thorium nucleide, upon bombard¬ 
ment by thermal or slow neutrons, be¬ 
comes eventually a potential nuclcai fuel 
malarial oapablo of initiating a chain 
reaction. Nuclear inactions employing a 
blanket of thorium around the lcacloi 
are capable under certain conditions of 
pioducing as much and possibly more 
fuel than is consumed in fission, A 
numbei of majoi reaction projects pro¬ 
posing to use thorium have been under 
way for several years in the USA. 

Atomic Energy not yet in The Picture 
of World Energy Sources 

The discovery of the neutron fission of 
uranium to barium and other elements 
in 1939 by Piof, Otto Iiahn with libera¬ 
tion of tremendous energy has led to 
fabulous activity and expenditure all 
over the world for obtaining atomic 
energy foi the use of man. But, uranium 
occurs on the earth’s surface to the ex¬ 
tent of 4 grains per ton of the earth’s 
crust, whilst thorium, another fissionable 
element, is three times more abundant. 


Moreoier, 0 7% of natural uranium is 
uianium 235 which actually breaks up 
in energy production Although, 12 new 
transuranium elements have been synthe¬ 
sized in the last 26 years, the consensus 
of expei t opinion seems to bo that even 
on the basis of the most optimistic 
assumption about the future rate of 
nuclear developments, the contribution 
of atomic powei until 1975 to growing 
energy dcnionds will be marginal. ( The 
Petroleum Handbook , 4lli edition, Lon¬ 
don, 1959, page 20.) 

‘Nuclear power offers no panacea for 
the world’s energy pioblems. The adop¬ 
tion of fission power will be slow and its 
late will depend ultimately on the ex¬ 
haustion of fossil fuel reserves. Fusion 
power, while potentially having many 
advantages over fission power including 
an inexhaustible fuel supply for negligi¬ 
ble cost, has not yet been established as 
feasible and its costs cannot be reliably 
assessed. Both types of nuclear power 
are uniquely adapted to the generation 
of electrical power and less so to the 
production of other forms of energy, 
such as those now used in comfort and 
process heating or in land transportation. 
Thus, a radical change in existing energy 
consumption patterns is required before 
the fossil fuels are finally exhausted.’ 
(Robert C. Axtmann, pp 488-495 in 
The Population Crisis and the Use of 
World Resources y edited S. Mudd, 1964, 
Tire Hague, Dr. W. Junk, Publishers). 

Beginning of Atom Bomb 

After the beginning of the Second 
World War in 1939, Prof. Otto Hahn of 
Berlin approached Hitler and informed 
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him that he was in a position to manu¬ 
facture a poweiful bomb from lus dis¬ 
covery of atomic fission. Hitler asked 
him how much time he would take for 
tills propose and Hahn replied that it 
would take two years But, Hitler was 
impatient and he stated that he had no 
use for a discovery which cannot pro¬ 
duce tangible result within six months. 

On the other hand, after the occupa¬ 
tion of Denmaik by Hitler, Neils Bohr, 
the great Danish atomic physicist had to 
leave his own country for USA as 
he was a Jew. But, before he left Den¬ 
mark, he discussed the details of atomic 
fission with Lise Mertner who was asso¬ 
ciated with Hahn m atomic fission stu¬ 
dies and who being a Jewess was on 
her way to Sweden from Berlin. After 
reaching USA, Bohr contacted A. 
Einstein, who also was of Jewish origin 
and a Professor in the Princeton Uni¬ 


versity as a naturalised American citizen. 
These two great men discussed the fibri- 
cation of the atomic bomb and Einstein 
wrote to President Roosevelt to take up 
tins work. Roosevelt consulted Churchill, 
the Premiei of the United Kingdom, who 
was encouraged by Lord Cherwell 
(Prof. Lindemann), Churchill’s scientific 
adviser. Also, Churchill sent some of 
his able atomic physicists, mathemati¬ 
cians and engineers to join the USA 
experts. This tremendous undertaking, 
which was extremely difficult in execu¬ 
tion, lesulted in the construction of ato¬ 
mic bombs under the leadership of R. 
Oppenheimer, another Jew from Ger¬ 
many and settled m the USA. Under 
the Presidentship of Tinman, the two 
bombs fell on Hnoshima and Nagasaki 
in 1945, and, thus, began the atomic 
age with all its complications and 
dangers. 
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Bio-Electricity Made Visible 

Alfred De Waart 


jF you had visited the Dutch town at 

Leiden timing a certain period at the 
beginning of till) piesent century, you 
might have been surprised to see cables 
slietched acioss the stieet and linking a 
hospital with a building a mile or so 
away. In that building was housed a 
galvanometer which was difficult to 
ttan,sport (lienee tlie cables). The 
unangement which you would have 
witnessed contributed to rescai cli on 
snH'eieis fiom heart disorders, research 
which has since become world famous 
and which led to the award, in 1924, of 
a Nobel Fuze to the Dutch physiologist 
Dr Willem Einthovcn. 

Electrical phenomena associated with 
the working of the human heart (and 
lor that matter, of other organs) enable 
a detailed insight to be obtained into 
the kuictiotis and disoicleis of the heart, 
its position in the body, its behavioui 
during anaesthesia and operations, its 
reactions to medicines, breathing, oxygen 
deficiency, muscular effoit, vitamin defi¬ 
ciency, and many other conditions. 

This research into the electiical 
phenomena of life, or bio-electricity, 
could not have leached the present- 
day degree, of development and ap¬ 
plication had it not been for the basis 
which Willem Einlhoven laid at the 
beginning of the century. 

Einlhoven was born at Semarang, on 
the noithem coast of the island of Java 





Dr. Willem Einthovcn 


m i860. His father was then an army 
doctor who later became Municipal 
Health Officer in the town. Einlhoven 
Sr. died when his son was only a young 
boy. When the latter was ten, the family 
moved to Holland and Willem com¬ 
menced his medical studies at Utrecht 
Dr. Willem Einthovcn. 

Even m his student days he showed 
himself to possess exceptional talents, 
not only m die field of medicine but 
also in those of mathematics and physics. 
He published tire lesult of his anatomical 


The recording of bio-electrical phenomena, as developed by Willem Emthoven, 
Dutch physiologist and Nobel Prize Winner. By courtesy: Royal Netherlands Embassy, 
New Delhi. 
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and physiological investigations. Above 
all he was interested in the functions of 
the human eye, and in the early stages 
he was determined to specialize in 
opthalmology 

In 1885, Einthoven wrote a very 1 m- 
poitant thesis on ‘Stereoscopy by colour 
difference’, in which he provided an ex¬ 
planation of the lemarkable fact that 
objects of varying colour situated at the 
same distance fiom the eye may wiongly 
be judged to be at different distances. 
His ingenuity in dispioving a geneially 
accepted theory by his teacher, Pro! 
Bonders, not only resulted in Einthoven 
giaduatmg cum lauclc as Doctoi of 
Medicine, but also in his being offered 
the chair of physiology at the Univeisity 
of Leiden despite the fact that he was 
then not even 25. 

It was not long befoie that the young 
doctor devoted himself to electro¬ 
physiology, flie study of elecliical 
phenomena of life. This involves die 
registration and measurement of the 
diffeiences of potential or currents 
developed in living organs during their 
functions. This is achieved by connect¬ 
ing the oigans directly or indiiectly to 
suitable recording and measuring equip¬ 
ment. 

For detailed examinations, such 
measuung instruments must comply with 
very stringent lequiiements because 
often they aie required to handle very 
minute and rapidly changing potentials. 
Thus the instrument must be highly sen - 
sitive, possess negligible inertia and yet 
adequate damping and must permit small 
deflections to be lecorded at large magni¬ 
fications, preferably by means of photo¬ 
graphy. 


At the time of Einthoven’s experi¬ 
ments, instruments of this calibre had not 
been invented There was, however, the 
capillary electiometei developed by Lip- 
mann in 1873. Einthoven studied die 
physical properties of this instiument 
and although it displayed inadequacies 
lor the type of woik, it was the fiist 
which Einthoven used to obtain recoids 
of the electrocardiogram (E.C.G.) and 
the heart sounds m both healthy persons 
and heart sufferers He was fully aware 
of the fact that the graphs produced 
with the aid of Lipmann’s instrument 
weie gieatly distorted, and that, time- 
wasting mathematical collections were 
necessary in order to anive at the desii- 
ed lesult. With the aid of such conec- 
tions, he was able to calculate and con¬ 
struct exact E C.G s, but the method 
did not satisfy him. His main desire 
was to put all bis effoi ts into the develop¬ 
ment of a new measuring instiument 
which did not possess the shortcomings 
of the capillary electiomotor, and which 
would be able to provide immediately 
a leally accurate record of the human 
E.C G. 

With this thought in mind, Einthoven 
embarked on several years of study 
and experiment which eventually re¬ 
sulted in the development and construe 
tion of his string galvanomctei. He 
desciibed the punciples of this instiu¬ 
ment in 1901, and gave further details 
eight years later. The first leally ex¬ 
act human electrocaidiogiam obtained 
with the aid of this string galvanometer 
was published by Einthoven in 1902 

The stung galvanometer utilizes the 
fact that a conducting fibie centred in a 
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magnetic field starts to move as soon as 
an electric current is passed through it. 
The bio-electrical phenomena (the cur¬ 
rents developed by the heart and other 
organs during their functions) are pass¬ 
ed, in this instrument, through a very 
delicate fibre consisting of quartz ooat- 
ed with silver or gold and stretched like 
a string in the centre of an electromag¬ 
netic field The resulting small, rapid 
deflections of this fibre are optically 
magnified and then photographed The 
physical properties of the instrument 
mav be easily altered by varying the 
tension of the fibre to give less rapid 
deflection with lncieasecl sensitivity, 01 
vice vcmi. 

Eintliovcii was not merely the first 
man to iecord accurately the human 
elect)oeardiogmm using his own instru¬ 
ment. He also pointed out the necesr 
sity for international standardization of 
die method employed in clectrocardio- 
giaph) and of choosing the same points 
on the surface of the body from which 
to take the conducting wires of the gal¬ 
vanometer in order to measure the 
heart current. 

With his experiment involving the use 
of cables stretched across the streets of 
Leiden, Einthoven not only inaugurat¬ 
ed the era of telc-cardiography but also 
that of phonocardiography—the study 
of heart sounds picked up by micro¬ 
phone and then transformed into elec¬ 
trical vibiations, 

Again with the aid of his string gal¬ 
vanometer, Einthoven studied the pro¬ 
duction of electricity in the human eye 
and the functions of certain nerves in¬ 
cluding the electrical phenomena which 


occur in tire skin under the influence of 
emotions. By using extremely fine, 
short quad/ fibres in a vacuum (the 
vacuum galvanometer) Ire achieved 
oven more detailed results. These in- 



I 


Diagram illustrating the pi maple of the 
string galvanometer 



N and S poles of electromagnets CC 
quartz string 

GFEG optical system for projection of 
string shadow. 

eluded the photographic registration of 
wireless telegrams transmitted between 
Leiden and Banding, a distance of 
some 8,000 miles. This experiment was 
earned out in cooperation with his son. 

The development of radio technology, 
and above all the birth of radio valves 
capable of high amplification of minute 
electrical tensions, made it possible to 
employ less sensitive and differently 
constructed equipment, which had 
moreover the advantage that it was no 
longer immovable Gradually the 
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eleotiocaidioguiphs as we know them 
today came into existence, and these in¬ 
cluded types capable of legistering the 
electrocaidiogram diiectly on paper. The 
latter was greatly appieciated by prac¬ 
tising doctors since it omitted the time- 
consuming photographic piocedure. 

Emthoven did not live long enough 
to follow' these technical developments 
Lo maturity. He died in Leiden in 1927 
at the age of 67. He did, however, 
issue a warning against the danger that 
the use of radio valves in electrocardio¬ 
graphy might result m distortion and 
thus affect the final result. Barron 
issued a similar warning in 1952, and 
added that it would be of value if the 
performance of modem instruments 
weie subjected to regular comparison 
with the icsults obtained with the aid of 
the stiing galvanometer, whose reliabi 
lity was firmly established. 

Einthoven created a true centre of 
international cooperation. In his deal¬ 
ings with others he displayed not only 
enormous scientific abilities but also 
showed that he had heart and con¬ 


science, with the result that working 
with him was a pleasure. He was 
loath to discuss his work and always 
gave to otheis the credit which they de¬ 
served In a speech following the pre¬ 
sentation to him of the Nobel Prize m 
1924, he was noticeably lavish m his 
praise of Sir- Thomas Lewis of London, 
with whom he had worked and who had 
made a major contribution to the know¬ 
ledge of electrocardiography, both as 
a lesult of his experiments and of his 
clinical woik. 

Still gieater advances in electionics 
made it possible to apply radio trans¬ 
mitting equipment to the field of E.C.G. 
The patient carries a tmy transmitter 
with him from which lus heart currents 
aie sent out, to be picked up by a re¬ 
ceiver located elsewhere. The neces¬ 
sity of direct wire connection with the 
electrocardiograph is thus a tiling of the 
past. Not only is this system used in 
operation theaties, but it has also been 
successfully applied jn measuring ON 
EARTH the heartbeats of astionauts 
circling m their capsules hundreds of 
miles out in space. 



Central Scientific Instruments Organisation 

Around the Research Laboratories in India 


mter-depai tmental meeting. m 
which leprcsenta lives of the Mi¬ 
nistries of Heavy Indu.stiy, Pioductaon, 
Steel Mines and Fuel, Defence and 
Consumer Industries, Communication, 
Education, and the Council of Scientific 
and Industrial Research participated, 
was held on 23 April, 1957, on the 
i (’commendations of the panel of 
scientists of the Planning Commission, 
which met eailier to formulate specific 
proposals for the development and 
manufacture of scientific instruments of 
different types in the country. At tills 
meeting, a committee was set up with 
Prof M.S. Thacker, Director-General of 
the Scientific and Industiial Research, as 
chairman to draw up the requirements 
of scientific instilments required by 
schools, colleges, technical institutions, 
reseaieh centres, industiv, the Ministry 
of Communication, as well as draw 
a scheme indicating the defence instru¬ 
ments to be manufactured at public 
factories. 


On the recommendations of the above 
committee, the Central Scientific In¬ 
struments Oiganisation was set up in 
October, 1959 under the CSIR. The 
activities of the new organisation were 
lo include survey, assessment, ration¬ 
alization, standardization, design, deve¬ 
lopment and indigenous manufacture of 
scientific instruments and provision of 
training facilities for workers required 
by the industry. 

Although Chandigarh was selected 


as the venue of the organization, the 
Central Office of CSIO continued to be 
m New Delhi till Dr. P.S, Gill took over 
as Director from Dr. K. i\. Mathur 
in September, 1963. Dining this 
period, the CSIO was able to make ar- 
langements for collaboration with the 
United Nations Technical Assistance 
Hoard for setting up the CSIO and with 
Swiss Foundation foi establishing Indo- 
Swiss Training Ceiitie. While Indo- 
Sniss Training Centie lias already start¬ 
ed functioning fionr October 1963, 
oilier activities of the CSIO aie being 
mgaiiized at pic.sent 

Functions of CSIO 

Broadly speaking, the organization 
has been set up lor looking after all 
aspects of instruments industry from 
planning stage to distribution Activi¬ 
ties of the organization can he summariz¬ 
ed as follows: 

(i) Survey and assessment of the pre¬ 
sent and future needs of various types 
of instruments, preparation of a phased 
piogianrme of development of the in¬ 
dustry, formulation and coordination 
of policies and procedures, distribution 
of instruments and regulation of imports, 
etc, 

(ii) Preparation of technical and 
manufacturing know-how and testing 
techniques and production of proto¬ 
types. 

(iii) Cooperation with Indian Stan¬ 
dards Institution foi the establishment of 
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national standards foi installments and 
their implementation in cooperation 
with agencies like quality marking cen¬ 
tres of slate governments. 

(iv) Organization of advanced train¬ 
ing of technicians and specialized per¬ 
sonnel requned by the industry, 

(v) Publication of appiopriate bulle¬ 
tins, periodicals, elc 

The service and maintenance units 
will be established bv the Organization 



Busy hands in Electronics Laboratory 



at suitable centres throughout the coun¬ 
try for repair of scientific instillments. 
The organization also participates in 


the development schemes of selected 
films and encouiages lesearch efforts ni 
the field of instrumentation by piovid- 
ing grants-m-aid to deserving parties 

Location 

Cential Scientific Instiunients Orga¬ 
nisation is at present located on the 
ground floor of 30 Bay Building, Sector 
17, Chandigarh and has ample accom¬ 
modation for its present activities. The 
Indo-Swiss Training Centre is situated 
in Sector 30 where 120 acies of land 
have been acquired and the construc¬ 
tion of the technological block will 
begin shortly. 

Indo-Swiss Training Centre 

A centie foi training fine mechanics 
lor instruments industry has been set 
up in Chanchgaih as a bianch of CSIO 
in collaboration with Swiss Foundation 
and has already staited functioning 
with effect from October, 1963 The 
couisc for training is of thiee yeais’ 
duration. Provision has been made to 
tiain 36 trainees every year to begin 
witli. 

The cenlie compnses of a large 
workshop measuring 3143 sq meties 
and an auxiliary building covering 1137 
sq. metres with hostels for tiamees, 
training school with class-rooms, draft¬ 
ing rooms, staff rooms etc. 

CSIO Laboratories and Central Office 

The laboratories, workshops' and the 
central office of the organization are 
still m the process of development and 
are being set up with the assistance 
from die UN Special Fund. A good 
deal of the laboratory and workshop 
equipment for the organization is being 
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piocurcd fiom abioad with the UN as 
well as our own losomccs. Equipment 
from indigenous somces is also being 
procured wherever possible. Appio- 
pnate staff for the organization is being 
leeiuitcd and will be trained locally 
with the help of UN experts. Besides 
this, them aie a number of UN fellow¬ 
ships for the members of the stall', The 
following gioups and sections* of the 
oiganization have stalled functioning. 
Each gioup is assisted by one nr more 
expei is: 

(1) The Optics Group is responsible 
for design, development, inspec¬ 
tion and other activities 1 elated to 
optical instiuments and industry. 

(2) The Electricals and Electronics 
Group is lcsponsiblc for similar 
problems related to electrical and 
electronic instruments and in¬ 
dustry. 

(3) The Central Workshop of the 
oiganization is being set up. 
This workshop will cater for the 
requirements of CSIO as a whole, 

(4) The Metalluigy Section is being 
organized in Sector 30, Chandi¬ 
garh in the premises of Indo- 
Swiss Training Centre, 

(5) The Glass Technology Section is 
being set up for the fabrication of 
precise glass components (other 
than optical) for instruments. 


Other gi mips/sections ol CSIO will 
be set up m due euitise, when nccessaiy 
facilities aie made available. 

The main emphasis ol the CSIO is on 
the training of wurkcis inuii industiy in 
the know-how of instumieutation, The 
CSIO is co-operating with 1ST m 
dialling and implementing Indian 
Standards for scientific rnstruments 
The oiganization will uudeitake design 
and development work as well as ap¬ 
plied i esearch as soon as necessary 
facilities are available. 

For lepair and maintenance of instru¬ 
ments, the CSIO plans to set up Ser¬ 
vice and Maintenance Centres at vari¬ 
ous places throughout the cormtiy. Two 
such centres, one, in Delhi and the 
olliei in Madras, have aheady sUutcd 
functioning. 

The CSIO encourages industry for 
developing new instruments by giving 
general guidance and also financial as¬ 
sistance to the extent of 50 pci cent of 
the expenses to scleoted films for 
establishing development con ties. Thicc 
such centres, two in Ambala and one at 
Lucknow, have so far been approved. 

The CSIO has given grant-in-aid to 
a research worker in connection with 
Ins leseaich and development scheme 
connected with instrumentation. 



Classroom experiments 
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An Improvised Wind Tunnel 


\ FAIRLY simple wind tunnel can be 
made to study about lift and drag 
on an an plane wing (aiifoil), Although 
the wind tunnel described below does 
not give accuiate results, it does give a 
cleai indication of the properties of an 
airfoil. 

When I was building a glider, I be¬ 
came interested m the nature of lift. 
A1 ter building it, I wanted to leam how 
lift and drag change with angle of at¬ 
tack (the angle between the airfoil and 
the flow of air) velocity, different 
shapes, and flaps My science teacher, 
had a book which contained suggestions 
for building a simple wind tunnel to 
study these things. (Joseph, A. et al) 

Ibe items requited to make the com¬ 
plete wind tunnel weie: (i) a table fan, 
(li) an airfloiv straightenei; (in) a plat¬ 
form balance; (iv) lift device; (v) drag 
indicator, (vi) anfoil (See figuie on 
next page for details and arrangements.) 
I used very simple matenals for these 
devices. 

The Straightener 

This makes the circular air stream 
from the fan straight The frame was 
from the plywood boards of a tea box, 
and the baffles insides were made with 
cardboard 


R. Sudheer 
Z.P.M.P. School, Parvatipuram 

The Balance 

An old condemned platform balance 
was obtained from the school’s labo- 
ratoiy. This was repaired and re- 
finishcd. The original pans weie re¬ 
moved and replaced by the stand for 
the lift device. 

The Lift Device 

Bernoulli’s principle states that 
in a nanow place the velocity 
of a fluid stream increases while 
piessuie decreases, Tire shape of the 
upper surface of the wing is similar to 
a narrow place, and so the pressuie 
decreases on the top. The difference oi 
pressure between the top and the bot¬ 
tom causes an upward force called lift, 
This upward force can be measured 
by placing the airfoil on a thin rod at¬ 
tached to a stand sitting on the balance 
(The anfoil is attached to the rod by 
a small bolt and the angle of attack 
can be changed by turning the wmg 
about this point.) The weight necessary 
to balance the upwaid force will have 
magnitude equal to that of the lift. 

The Drag Indicator 

Diag is the horizontal force op¬ 
posite to the motion of the air¬ 
foil. A movement can be produced 
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by it if the wing is made to turn about 
a point under it. (The aiifoil is at¬ 
tached to another thin rod through 
which a razoi blade has been put. The 
blade rests on a notched metal ring fix¬ 
ed to a stand, and this anangemont 
makes the tinning point.) The arc cut 
by the air foil will be proportional to 
the drag force producing it, and can he 
recorded on a scale below the end of 
the lod. The scale was calibrated in 
still air by noting the deflection caused 
by known weights, 


unsteady in the centre, even with tire 
straightener. This caused the drag 
indicator to oscillate unevenly, intro¬ 
ducing error in reading the scale. For 
measurement of lift also, this unsteadi¬ 
ness caused the balance to oscillate, 
This, together with the balance’s lack 
of sensitivity, allowed readings only to 
the nearest half a gram. Air speed was 
not uniform due to the difference in the. 
current at various times. 

In spite of these difficulties, I got 
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DRAG DEVICE 


The Airfoil 

The airfoil was made by cutting a 
balsa wood frame in the desired shape. 
The frame was covered with tissue 
paper and dipped to make it tight, 
strong and smooth. 

In this wind tunnel lift and drag were 
measured separately for simplicity, but 
the two devices can be combined to 
measure lift and drag at the same time. 

The following factors limited the 
accuracy of die results. Flow is a little 


# 

some interesting results. I measured 
lift and drag with different angles of 
attack and with different air speeds. I 
attached a flap to the trailing edge of 
the wing to find the. effect of it upon 
lift and drag. (A flap is an extension 
to the wing which makes the shape of 
the wing change and causes a bigger 
pressure difference between the top and 
bottom surfaces.) I drew a graph to 
show lift and drag versus angle of 
attack, with and without flaps (see 
figure above). 

In older to show die different 
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pressures on the surfaces of an aiifoil at 
diffeient distances from the front (lead¬ 
ing) edge, I put some glass tubes in 
the wing and connected them to mono¬ 
meters with rubber tubes. However, 
I did not get good results because the 


aii flow was too slow to show much 
change m tire monometer tubes. If a 
fastei air stream is provided, this ap- 
paiatus can nicely show the different 
pressures on the wing—the principle by 
which lift is produced. 
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I am indebted to the ‘Australian 
Science Teacher’ for details of the bal¬ 
ance. I have found it very useful to 
present the Principle of Archimedes to 
a large class It gives weighings up to 
60 gram reading to the nearest half a 
gram. 


Direct Reading Balance 

P.S.Y. Rao 

B.E.M. High School, Mangalore 

The scale is obtained by adding mass¬ 
es from 1 to 6 gms to the balance pan, 

Additional equipment necessary to 
teach the Principle of Archimedes. 

(a) Three solids of the same volume 
but differing in mass. 
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Three Aeluoniyein bottles (20 ml one end is passed thiough the plastic 
each) containing a diffcionl quantity of lid and a loop is tied at the othei end 
dry sand, cotton thread with a knot at for weighing. 



(b) Three solids of the same mass but differing in volume. 

Three bottles made to weigh 50 g. wl. with diy sand (or lead shots). 
The above figure shows the balance in action. 








System of Teacher Training in the USSR 

I. D. Zverev 
UNESCO Expert {USSR) New Delhi 


RATIONAL education plays an impor¬ 
tant role m 'tlie development of any 
eounliy The USSR lias made great 
achievements in this lespect. Illiteiacy 
in the Soviet Union was wiped out long 
ago, The following table testifies to 
the rapid development of education in 
the USSR. 


Years Number of Number of 

pupils schools 

1814-15 9,660,000 124,000 

1940-41 35,550,000 215,000 

1964-65 50,000,000 250,000 

Such a lap id giowth in the number 
of schools and m the nurnbei of pupils 
icquired a gieat number of teacheis. 
This pioblem has also been solved suc¬ 
cessfully, At present theie are 2,350,000 
teachers working m the Soviet schools. 


stitutes at which teacheis for the ele- 
mcntaiy schools get higher education, 
Teacheis of science as well as those of 
humaniLies aie trained at these insti¬ 
tutes. 

Now I would like to chaw attention 
to the content and foims of tiaming 
science teacheis. 

Profiles of Science Teacher Training 

In view of the significant lole that 
science is playing m the life of society, 
the tiaming of teachers in physics, 
chemistiy, biology and mathematics 
acquiies special importance. 

v At piesent the training of science 
teacheis is implemented accoiding to 
the profiles shown below: 


The problem of tiaining qualified 
teachers is implemented chiefly by 
pedagogical institutes and universities. 
Teachers for the elementary schools 
are trained at pedagogical schools. Re¬ 
cently special departments have been 
opened in a number of pedagogical in- 


1. Mathematics, mathematics and 
technical drawing, mathematics 
and computing. 

2 Physics, physics and electrical 
engineenng, physics and astio- 
nomy. 

3. Chemistry. 


314 


scunoi. scn\(,i, 


4. Biology and chemistry. biology 
and geogiaphy. 

Teachers for the secondary schools 
are trained in one subject (mathema¬ 
tics, physics or chemistry), and for the 
middle schools in two related subjects, 

Besides the branches of the depart¬ 
ment, there now exist branches for 
training teachers of physics, mathema¬ 
tics, chemistry, biology and geography 
in one of die foreign languages. 

Ct <nicula of the Science Departments 

The curricula of science departments 
(mathematics, physics, chemistry and 
biology) arc so worked out that the 
students aflei giaduating get a suffi- 
cienty high scientific and pedagogical 
training. All the subjects of the curri¬ 
cula of die branches of physics, mathe¬ 
matics, biology and chemistry fall into 
three categories: 

(a) Science subjects (65% of the study 
time) 

(b) Social subjects (10% of the study 
time) 

(c) Pedagogical subjects (17% of the 
study time) 

(d) Foreign language and physical 
culture (8% of die study time). 

As an example we may mention diat 
the following branches of chemistry 
are studied in the department of che¬ 
mistry: general and inorganic chemis¬ 
try; organic chemistry with elements of 
biochemistry; analytical, physical and 
colloidal chemistry. In the depart¬ 
ment of biology, botany (anatomy and 
morphology, ecology, physiology of 
plants), zoology (invertebrates and ver- 


tebiutrsj, anatomy of human body, 
physiology of animals and man, cytology 
and genetics, histology and embiyology, 
and Darwinism an* studied. Among 
social subjects we find political eco¬ 
nomy, philosophy, hmdmm’iitals of 
scientific communism, etc. 

Pedagogical sciences include peda¬ 
gogy, history of pedagogy, psychology, 
school hygiene, methods of teaching 
biology (or physics, or ehcmisUy or 
mathematics). Beading of these sub¬ 
jects constitutes a very impoitant piut 
of pedagogical tiaimng of Inline teach¬ 
ers. These subjects develop students’ 
ability to pedagogic-ally contemplate 
and choose coirect solutions of peda¬ 
gogical pioblems; and they equip them 
with the necessary theoietical know¬ 
ledge and practical skills to work with 
children. 

Forms of Student Studies at the I’cdu- 

I'Of'ical Institutes 

The curricula envisage different 
forms of studies; many among them 
are lectures, laboratory work, seminars, 
practice at school, etc. On the whole 
the ratio of lectuies to laboratory work, 
seminais and piacticc is 3:5. This ratio 
may vary depending on tire piofile and 
content of the subject. Besides, stu¬ 
dents who do their course and diploma 
work in this way cany out scientific 
research in a specific field. Stu¬ 
dents attend practical work in special 
subjects, and also woik at optional sub¬ 
jects. 

The work at course and diploma 
themes, practical work or optional sub¬ 
jects promote the students’ skills of 
conducting scientific research in die 
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field of science as well as an the field 
of pedagogy. All the necessary labo¬ 
ratory equipment, materials, working 
place m labortories, possibility of 
participating in field expeditions, etc., 
are at the disposal of the students. 

Some complex themes combining 
scientific and pedagogical research 
work aie of high standaid, eg,, listing 
of the mosses of a certain region and 
theii study at school; the study of na¬ 
ture m the school neighbourhood and 
its study by the pupils in summer; con¬ 
struction of a working model of sul¬ 
phuric acid plant and its use in a 
lesson; pupils’ extra-curricular model¬ 
ling in physics, etc. 

The course work successfully com¬ 
pleted by the second and the third 
year students may develop into diploma 
work which in the senior course may 
substitute one or two state examina¬ 
tions. The coiuse or diploma work of 
the students is read at a meeting of the 
science clubs which exist at all the 
pedagogical institutes Besides tins, 
niter-institute conferences of students’ 
science clubs are held and sets of stu¬ 
dents’ scientific reseaich articles are 
issued. 

Students’ work at diploma themes 
and participation in students’ science 
clubs are voluntary, but are greatly en¬ 
couraged (official lecognition on the 
success of students completion of 
scientific themes is by the award of 
free trips, etc). Students’ participation 
in the work of students’ science clubs 
facilitates die task of selecting gifted 
and talented students for scientific and 
research work dius systematically pre- 
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paring scientific research cadres in 
science and pedagogy. 

The pedagogical and school practice 
aie of great importance. The main task 
of pedagogical practice is to teach stu¬ 
dents to employ their knowledge of 
pedagogy, psychology, methods and 
special subjects at school. During dieu 
practice students should learn how to 
conduct independent teaching and 
educational work at school and lead 
pupils. Well organized school practice 
facilitates inculcating in students love 
for the pedagogical profession and in¬ 
terest for scientific research in the field 
of pedagogy. 

Students have their first 4-8 week 
summer pedagogical practice as pioneer 
leadeis in pioneer camps. Students of 
the departments of biology and che¬ 
mistry, geography and biology conduct 
pupils’ summer woik on school experi¬ 
mental plots. The second and the thiid 
pedagogical practices are conducted at 
school. At the depaitments with a 
four-year term of studies, the second 
piactice is organized in the third course 
for 5-8 weeks and the third practice in 
the fourth course for 18 weeks. At the 
departments with a five-year term of 
studies, the second and die third prac¬ 
tices are oigamzed in die fourth and 
the fifth courses. 

The content of all the types of prac¬ 
tice is determined by the curriculum 
approved by the Ministry of Education, 

Parallel with students’ pedagogical 
practice, training in physics, mathema¬ 
tics and chemistry, they also carry out 
practical training at plants and 
factories; students in biology and 
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geography have then field training at 
biological stations. The hums 1 01 stu- 
dnils’ piitclieal and field naming aie 
fixetlin the diH’nnil depul tinrnK eg., 
for the students nl the iive-veuis hum. 
depai Imenls of Innings and chemistry 
envisage 21-weeks field training in 
agriciilline and nielhnds of teaching 
Biology and ehnnical technology are 
envisaged in the lorn til eoiusc. 

ftmmig mid (lonc.vpoiu/nicc 
Department# 

Besides the liainmg of ti'aehei.s at 
regular lull-tune depai Imenls of peda¬ 
gogical institutes, in-service teaeheis’ 
training is implemented at evening and 
correspondence departments. The ne¬ 
cessity of these fmnis of study is condi¬ 
tioned By a continuous ineiease in the 
number of students and in connec¬ 
tion with it the evergrowing want of 
teachers with highci education, At 
present among teachers working at 
schools tlicio me some who have not 
had any special education or those who 
have left the institute before graduat¬ 
ing. They aie given an opportunity to 
work and study at the same time. 

As a rule every pedagogical institute 
has evening and coirespondence de¬ 
pai tments. There is also one ,special 
Moscow Correspondence Pedagogical 
Institute. The cuincula of five-year 
evening and conespondence depart¬ 
ments aic aimed at liainmg teachers in 
one speciality (physics, mathematics, 
biology or chemistry). 

The cuiricula of evening and corres¬ 
pondence departments are practically 
waked out in the same way as those 
of the corresponding regular full-time 


(h paitirients; only the mnnbei of hours 
is to a no tain extent decreased. But 
it is wml!i noting that tlm syllabi of 
evening and eoirespondeneo depart¬ 
ments do not dilfer fiom those of the 
(oiiesponding regular full-lime depart¬ 
ments, 'llus is ulleeled by luusfeuing 
rntain themes of the syllabi fiom lec¬ 
tures and practical lessons to students’ 
independent work of text materials. 
Hence, the control over independent 
students’ n oik is significant at evening 
and correspondence depai tments, They 
have at their disposal special guide 
materials with instiuctions for indepen¬ 
dent work. Text main inis, books on 
ptobtcim and practical woik, guide 
materials for laboratoiy work in most 
important parts of mathematics, biology, 
physics and chemistry me being syste¬ 
matically issued. The Soviet Covern- 
menl mo giving certain piivilogos to 
the students of the evening and coires- 
pondencu departments. During tlm ex¬ 
aminations students are paid their salary 
and they get free travel facilities. 

fVr/eeiing Teachers’ Qualifications 

In the Soviet Union, parallel with 
training new teachers, a great amount 
of woik is carried out in peifecting 
theoretical, polytechnics'll and methods 
knowledge and skills of the teach¬ 
ers, Reorientation and lefresher cours¬ 
es aie conducted by District Teachers’ 
Refresher Institute, local associations of 
education, school subject sections as 
well as by pedagogical institutes and 
paitly by universities. 

The reorientation of teachers is aim¬ 
ed at helping teachers and school offi¬ 
cials to perfect pedagogical process and 
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conduct teaching on a level with mod¬ 
em achievements of science. 

The following parts aie envisaged in 
the syllabi of the courses: 

1. Perfecting of teachers’ scientific 
knowledge m the field of their 
subject. Acquainting them with 
the mam achievements in science 
and technology. 

2. Studying of tire scientific bases 
of production. 

3. Peifccting of the methods of 
teaching and educating pupils, 

4. Perfecting of school leadership, 
conhol and instruction. 

5. Exchange of experience. 

The following methods are employ¬ 
ed m improving teachers’ qualifications 

1, One-year course at the Teachers’ 
Refresher Institutes. 

2. One-month course for teachers 
and officials of school and local 
associations of education. 

3. Regional Methods Sections at 
local associations of education, 

4, Tcacheis’ Methods Sections at 
schools. 

5 Lcctuics, seminars, consultations 
at Teacheis’ Refiesher Institutes 
and other scientific societies. The 
content of different forms of 
teacheis’ refreshing and reorienta¬ 
tion vanes and is determined by 
the level of teachers’ knowledge, 


mteiest, time available, etc But 
the syllabus is discussed before¬ 
hand, woiked out and effected by 
qualified lecturers and well-equip¬ 
ped laboratories. 

An example of content of some key 
problems m the syllabus of teachers’ re- 
iiesher couise may be as follows: 

1. Review of the modern problems 
of science and technology. 

2 System of education in the pro¬ 
cess of teaching science. 

3. Development of the main con¬ 
cepts and skills, 

4. Pioblem of the selection of me¬ 
thods and then con elation. 

5. System of extra-syllabus of 
pupils’ activities 

6. New technical equipment in 
science education. 

7. Methods of conducting excur¬ 
sions. 

8. Preparation of teaching aids at 
die school workshop, etc. 

The content of teacheis’ lefresher 
couise is closely intei-woven with the 
development of science, pedagogy and 
the whole system of education. 

Science in die development of eco¬ 
nomy is putting forward before educa¬ 
tionists new tasks All the time new 
problems appear aimed at perfecting 
and keeping abreast widi die general 
progress of the society. 
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QENERAL education in the Soviet 
system starts at the age of 7 years 
and is compulsory for eight years. The 
schools aid usually of two broad types— 
one eight-year incomplete secondary 
school from classes I to VIII and the 
other from classes I to XI. The. three 
classes IX-XI constitute the higher 
forms of secondary school. In many 
spaisely located areas there aro primary 
schools of classes I-IV. 


Of late there is a move to convert the 
11 years of schooling to a penod of ten 
years of schooling with the same 
amount of curricular offering and it is 
expected that in a couple of years from 
now all the schools will be converted to* 
10-ycar schools. 

There are special secondary schools 
for 3 or even 4 years duration for those 
who want to go in for special vocation¬ 
al and pre-vocational courses after the 
compulsory eight-year schooling in the 
incomplete secondary schools. Those 
who want to go for general education 
or higher academic and professional 
courses pursue their studies in the gene¬ 
ral secondary schools to complete their 
matriculation which is the entrance re¬ 
quirement for all courses in the insti¬ 
tutes of various kinds, as these higher 
educational institutions are termed. 


The school year throughout the coun¬ 
try starts on September 1, The school 
year in classes I-VIII is divided into 
four terms and for classes IX-XI into 
two semesters. The time for schooling 
is six working days a week and 3-1 work¬ 
ing weeks a year for classes I to III 
and 35 for other classes. The school 
vear closes on May 31 for classes I to 
IV and June 19 for V-VII and Juno 25 
for class VIII. There are 25 days as 
holidays. 

The school period is of 45 minutes 
followed by a break of about 10 
minutes. There is a 30 minute recess 
for lunch. The schools start at 
8.30 a.m. or 9 a.m. 

Classes I and II have 24 school 
periods per week; class III 26 school 
periods per week, class IV 29 school 
periods per week; class V 33 school 
periods per week, classes VI-VIII 34 
school periods per week; and classes 
IX-XI 38 school periods per week. 

Curriculum in the Schools 

Tiro most significant feature of the 
Soviet system is that rt has more or less 
a uniform academic programme for 
all its children, whether boys or girls, 
rural or urban. There are no optional or 
elective subjects. All the pupils receive 
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tlie same academic training in the 
school, there being no stieaming at the 
school stage. Specialization is done 
after the school stage. No doubt there 
are some schools with special bias in 
certain subjects, like, say, physics bias, 
chemistry bias, mathematics bias, etc 
But the core of the progiamme is essen 
tially similar. This unified curriculum 
not only offers the same body of know¬ 
ledge and skills but also ensures a pio- 
pei gradation vertically. It has been 
a poweiful means for stabilizing stan¬ 
dards, helping population mobility and 
tor removing disparities m the levels of 
development in different parts of the 
country It should be, however, borne 
in mind that certain marginal changes 
are made to suit the special local re¬ 
quirements. 

Primary Grades (Classes I—IV) 

The aim of education here is to equip 
the child with 3 R’s, to read well, to 
write correctly and to solve simple 
piactical problems and finally to piepare 
for later mastery of fundamentals of 
science, and orient them for love of la¬ 
bour. The basic subjects studied are— 
Russian language (the local language), 
arithmetic, history, nature study, draw¬ 
ing, music, physical culture, craft work 
and socially useful work. 

Science is taught as nature study 
only in Class IV for 3 periods a week 
out of 29. 

Elementary Grades (Classes V—VIII) 

The aim of education at this stage 
is to produce pupils who are fully 
literate in the broadest sense. There is 
greater emphasis on precision in con¬ 


tents and methods of teaching This 
stage has no responsibility of tiaimng 
pupils to any particular task or vocation 
but to acquaint them with various kinds 
of work, display their abilities with a 
view to complete the secondary educa¬ 
tion and choose a career 

The basic subjects taught are Russian 
language, (in addition to national langu¬ 
age of the Republic), Russian literature 
(national liteiatnre), mathematics, his¬ 
tory, geography, biology, physics, 
chemistry, technical drawing, one foi- 
eign language, drawing, music, physi¬ 
cal culture, craft, machine work and 
socially useful labour. 

Total amount of time devoted to 
science and mathematics at this stage is 
43 out of 135 periods pei week m all 
four classes. 

The total time allotted for instruction 
in science and mathematics out of gene- 
rnl school subjects (excluding physical 
culture, labour training and socially 
useful work) in classes I to VIII 
amounts to about 40 per cent of the 
time. 

Secondary Stage (Classes IX—XI) 

The aim of education at tihis level is 
to educate comprehensively in the 
fundamentals of sciences and give them 
a firm grounding for the later task of 
research and specialization in the insti¬ 
tutions of higher learning. It also trains, 
a worker to master the habits and 
methods of work under conditions of 
mechanisation and automation. A 
substantial amount of time is devoted to 
practical productive work. This work 
is differentiated m urban and rural 
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schools in confomnty with loc.il con¬ 
ditions. 

The subjects taught aie; lileialmc, 
mathematics, history, constitution of the* 
USSR, economics geogmjihy, phvsics, 
chcmisliy, biology, technical drawing, 
loieign language and physical eiiltim*. 
Tho polvtechnical tiaiiiing or .igiicoUure 
(m nual schools) and socially useful 
woik takes 33 school lioms per week 
in the three classes. There is provision 
of 2 periods per week (or 6 in all the 
three classes) for optional work, for 
making a deeper study of any subject 
of choice from the cuiriculnin. 

Of the total time devoted to academic 
subjects, the time alloted to mathe¬ 
matics and science at the secondary 
stage amounts to about 49 per cent. 

As it has been pointed out at the very 
beginning, the most significant feature 
of the Soviet school system is the poly- 
technical approach whereby tho pupil 
makes socially useful and productive 
woik and not only develops skills but 
learns the dignity of labour which be¬ 
comes ingiallied in his life. Every 
child undcigoes labour training and 
works with his own bands in useful and 
constructive activities. 

Salient Points in Science Teaching 

It has already been indicated that 
science and mathematics occupy a 
very prominent place in tlio curriculum 
of the schools, Now the special fea¬ 
tures that characterize science teaching 
in the country may be considered. 


sciences ate taught not as general science 
but as independent disciplines or sub¬ 
jects. 

(ii) The syllabi of the. sciences ate 
modem and up to date. Supporting 
the syllabi aie good and modem text¬ 
books which aie amazingly cheap, coni 
pared with onr standards. There is a 
huge \olunic of .supporting literature for 
the use of the teacher to supplement the 
information and fot guidance in teach¬ 
ing. 

Cill) 'Hie approach of the syllabi is 
experimental in natmo so that the con 
crjils and ideas in sciences are built as 
a result of conciete e.xpeiienees obtain- 
< d by the pnjiils This approach es 
sentially needs a supply ol adequate 
equipment, physical facilities, and 
hnined teachers. The country lias am¬ 

ple supplies of all these essential com 
ponenls. TTic Soviet schools have deve¬ 
loped the idea of work moms or elass- 
rooms-euni-lahoiatories for the ele¬ 
mentary classes, which is economic and 
functional. Tho pupils do not have 
to go to a sophisticated laboratory fox 
doing experiments except in the highci 
classes. 

(iv) The demonstiation equipment 
for leaching various sciences is parti¬ 
cularly impressive. They are large 
enough to he seen by a whole class, 
well built and sturdy and in most cases 
so constructed that essential parts can 
bo seen and examined easily. These 
are standardized and manufactured on a 
largo scale in stale factories so that they 
aie cheap. 


(i) From the post-primary stage The availability of such equipment is 
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a gical boon foi the teacher. It makes 
his task of teaching much easier. 

(v) The teaching is intei--woven 
with eveiyday life and industry. To 
the child science becomes meaningful 
when he sees that it is not an abstiac- 
tion but conciete and has use m all 
walks of life. Though sciences aie 
taught as sepaiale disciplines, the teach¬ 
ing correlates all sciences effectively and 
through woik and applications, its im¬ 
pact on life is brought home. The la¬ 
bour training gives an idea of the use 
of science m industries and in other 
walks of life. 

(vi) The method of teaching lays 
gieat emphasis on checking pupil know¬ 
ledge constantly. From the earliest 
times, numerical concepts and pioblems 
arc given s’o as to give a thorough giasp 
of the principles. Thcic is an elaboiate 
system of evaluating pupil knowledge 
by 01 al questions, written work, home 
assignments and contiol work. This 
aspect will be discussed m detail ra 
another paper. 

(vii) Gieat impoilance is attached to 
oul-of-class activities in the form of 
exclusions, visits to plants and ex- 
ploiations, in the teaching of sciences 
The importance of these is well known 
to all academically, but tile point to 
note is that these aio oiganized icgulai- 
ly so that they foim an integral pait of 
the teaching learning situation, 

(viii) The examination system does 
not depend on one final evaluation at 
the end of the yeai as we have in most 
of our school systems There is a con¬ 
stant evaluation throughout the year 


and the progress of a child is detei- 
tnined by his peifomnance in the whole 
session Secondly, tlieie is a gieat 
emphasis on oral examination thiough- 
out the educational system 

Co-curricular Activities 

Theie aie three main agencies that 
pi ovidc die school children to get 
rich and vaiied science experiences 
winch go a long way to strengthen 
the science teaching. Through these 
the child is able to develop his creative 
ability, pm sue independent investiga¬ 
tions and do a variety of constiuctive 
woik which satisfies his mnei uiges 
These aie (i) Circle organization in 
schools, (n) the pioneei organization 
and (iff) young technician stations 

Evey educational institution has a 
number of ciicles under the supervision 
of specialists. They attend one or two 
ciicles twice a week foi 2 hours each 
outside school Theie me a variety 
of circles (may be 20 in a school) some 
of which aie related to sciences and 
workshops. Pupils are encouiaged to 
develop individual projects. The young 
technician stations supplement the work 
of the ciicles especially in the fields of 
science and technology. These aie 
located all over the country pioviding 
suitable tools and technical super¬ 
vision and other facilities for ciicle work 
at an advanced level, In big cities 
there are central stations staffed by well- 
qualified and trained persons on a whole- 
time basis. They also prepare special 
liteiatiue arid oiganize contests. The 
stations are not merely hobby clubs but 
centres of lesearch and experiments con¬ 
ducted by pupils. 
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The pioneer organization is meant 
foi the age-group 10-15. Every school 
lias a pioneer oiganr/ation with a whole- 
time pei son to organize and guide the 
activities. Practically all pupils are 
members Though in main the. pioneer 
organization aims to develop sludi- 
ousness, courtesy, discipline, love of la- 
horn, citizenship, cooperation and loy¬ 
alty to the team and country, it plays a 
consulei able part in training pupils in 
sciences through the network of pioneer 
houses and palaces throughout the coun¬ 
try. Tiro bigger ones in big cities call¬ 
ed pioneer palaces arc really bee-hives 
of activity, sometimes with hundreds of 
moms with a similar number of circles 
where pupils are engaged in various 
activities A member attends tho palace 
or bouse twice a week for about two 
horns. Many of the activities relate to 
science, like photography, electronics, 
radio making, television, chemistry, 
naturalist clubs, film making, gliding, 
acionaulics, astronomy, pet rearing. 
There are workshops of all kinds. There 
is always a good library of books, toys 
and indoor games. Tire activities of 
pioneer organizations aie vast and their 
description is beyond the scope of this 
paper. Tire only point worth mention¬ 
ing is that they make significant contri¬ 
bution in strengthening science teach¬ 
ing 

The Teacher Training Programme 

The teacher training programme of 
Che USSR is radically different from our 
training programmes. In ora country 
wc expect the teacher to be adequately 
provided with content knowledge in tire 
colleges and universities in various sub¬ 
jects This is followed by a one-yeai 


professional tiaming course in a train¬ 
ing college of some kind where em¬ 
phasis is oil educational psychology, 
history of education, principles of edu¬ 
cation, school health and administra¬ 
tion and methods of teaching various 
subjects. This period of training is 
usually divoieed from teaching content 
of any kind. In the USSR the teacher 
tiaining piogramrne is essentially a pro¬ 
fessional course lasting four to fh e years 
after the secondary school in a peda¬ 
gogical institute. During this period 
the future teacher loams all the 
subject-matter at the degree level 
and the methods of teaching the, sub¬ 
jects. There is a very functional integ- 
lation of subject-matter and its metho¬ 
dology. All the skills that a teacher 
would need in his performance in the 
classrooms are developed m the course 
of the long period of Raining, This is 
like any other professional college that 
we have m mu country in the fields of 
engineering, medicine or technology. 
The teacher gels a professional outlook 
from the very start and docs not have 
to develop the same thiough the mill 
of actual service in the schools, as we 
have in this country. The four Region¬ 
al Collgcs of Education that have, been 
started in our country recently by the 
NCERT aie somewhat on the same 
pattern, but the fact remains that they 
would supply only an insignificant part 
of our total teacher requirements. 

Tho second feature of teacher train¬ 
ing programme is the wide prevalence 
of evening and correspondence courses 
available all over the country for those 
who want to become teachers or im¬ 
prove their qualifications. Originally 
this was introduced as a measure of 
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removing the back log of untiained or 
unqualified teachers, But with experi¬ 
ence the system has more or less come 
to stay as a permanent feature. For, in 
the field of education there are many 
people other than teachers who would 
love to become teachers or there are 
many teachers who by taking superior 
training can advance their positions. 
This provides a very suitable oppor¬ 
tunity for such people to qualify for 
such a career, even when they arc eng¬ 
aged in some other whole-time work 
during the day. Without going into tho 
details of the organization and program¬ 
mes I must limit myself to the observa¬ 
tion that the standards achieved by these 
courses are very well comparable with 
the day courses and secondly a vast 
number of teachers are getting trained 
in this fashion. 

The third feature of teacher training 
programme is the in-service education 
of the teachers. Every teacher in the 
USSR is obliged to undeigo a re¬ 
fresher course in his subject once in 
eveiy five years. This includes up¬ 
dating of content knowledge and ac¬ 
quaintance with modem techniques of 
teaching and teaching aids. The period 
of training may vary from one to three 
months according to plan Most of 
these refresher courses are organized 
hy institutes of refresher courses which 
are permanent institutes with a large 
and adequately trained staff. Besides 
these regular couises, there are other in¬ 


service programmes of shorter duration 
from one day to a week according 
to subject needs and class levels on a 
city or zonal basis. These may be 
organized by institutes of refresher 
courses, pedagogical institutes or local 
pedagogical committees or administra¬ 
tive agencies. Many of these program¬ 
mes are quite regularly held throughout 
the year and concentrate on methods of 
teaching and on problems of teachers of 
particular class or subject. 

The fourth feature of teacher training 
programme that attracts attention is the 
availability of a large number of jour¬ 
nals on specific subjects and also on 
general pedagogical problems, These 
journals keep the teacher abreast of 
the times, make him awaie of the 
pedagogical advances m his subject, 
offer solutions of day-to-day problems 
in teaching, familiarize the teacher with 
the latest teaching aids and equipment 
and in a way continuously educate the 
teacher. 

The gieatest strength of a school sys¬ 
tem is the quality of the teacher in the 
system. With the best of curricula, 
text materials, teaching aids and 
laboratory equipment, it is still the 
teacher who has to translate and im¬ 
plement tlie objectives of education. 
The need is therefore to equip the 
teacher with the knowledge that he 
has to impart and the skill with which 
to impart the same. 
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WHAT ARE ‘QUASI STARS’’ 

F OR the past twelve months, astro¬ 
nomers have been talking of little 
else apart from ‘quasi-stats’—faint pin¬ 
points of light which have been photo¬ 
graphed by the giant telecopes—which 
seem to represent some entirely new and 
unsuspected type of object in the uni¬ 
verse. 

Fiom these quasi-stars’ huge sticams 
of enormously powetful xaclio waves 
ate flowing. Furthcrmoie, various 
measurements suggest that if you 
could get near them they would be 
found to be 100,000,000 times brighter 
and heavier than our sun. 

None of the processes which are 
thought to go on inside, ordinary stars 
could possibly account for such lumi¬ 
nosity, and such powerful radio emis¬ 
sions. 

But stiangely enough, before any 
‘quasi-slais’ had been discovered, Pro¬ 
fessor Iioyle, together with an Ameri¬ 
can scientist William Fowler, had sug¬ 
gested that, in theory, huge gas clouds 
in the umveise might occasionally start 
to 'implode—explode inwards—driven 
by the force of gravity. This, it turns 
out, would produce something remark¬ 
ably like a ‘quasi-star,’ 


Hoyle and Fowler were studying the 
process which normally leads to the 
formation of a galaxy of stars. A cloud 
of gas condenses and then breaks up 
into stais But occasionally, they de¬ 
cide, this break-up might fail to occur. 
The whole cloud would continue to 
contract, pulled by its own gravitation¬ 
al field, so that the whole mass would 
rush inwards with increasing speed and 
force. 

Such an implosion would produce a 
most peculiar object, at the centre of 
which would ho matter of inconceiv¬ 
able density. A fragment one-thou¬ 
sandth the size of a pinhead might 
weigh a million million tons. 

Many physicists and theoreticians are 
now trying to work out in more detail 
what would happen inside such an im¬ 
ploding object. Hoyle and Narlikar 
think that matter might actually he 
squeezed out of existence, so to speak, 
and would vanish into what they call 
die Creation Field. 

Dislant Galaxies 

It is out of this field, according to 
Professor Hoyle’s celebrated theory of 
'continuous creation’, that matter 
continuously emerges to balance the 
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expansion of the universe which astro¬ 
nomers observe. It has long been real¬ 
ised that all the distant galaxies to be 
seen through large telescopes are re¬ 
ceding from the earth, some with 
enormous speeds Without continuous 
creation, the universe would gradually 
get emptier. But according to Hoyle, 
the average density of matter in the 
universe is kept steady through ‘conti¬ 
nuous creation’ of new matter. 

Inside the ‘quasi-stars’ though, this 
process may be forced temporarily into 
reverse. Gravitational collapse may 
foice some matter back into the crea¬ 
tion field. 

These are strange ideas but lL is asto¬ 
nishing how they seem to fit the obser¬ 
vations of ‘quasi stars’. And they 
could help to account for the huge 
luminosity and the radio emissions of 
these objects. 

Quasi-stars appear to be giavity 
powered—unlike ordinary stars which 
derive their energy from nuclear re¬ 
actions. This makes new theories of 
gravity all the more significant. 

Professor Hoyle believes that out of 
these new astronomical observations, 
combined with the new theories they 
are stimulating, profound implications 
for terrestrial physics may emerge. We 
are certainly living in revolutionary 
times, and out whole outlook on the 
universe may be very different in a few 
years hence, thanks to the activities of 
people like Hoyle and Narlikar. 
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WHAT IS CELLULAR RESPIRATION 9 

It is an energy-producing oxidative 
process by means of which carbohy- 
diate fuel is ultimately converted into 
carbon dioxide, water, and chemical 
energy. Each step in the series of 
complicated and highly integrated re¬ 
actions is under the control of a sepa¬ 
rate and specific enzyme. 

Carbohydrates in the cytoplasm of liv¬ 
ing cells are broken down into simplex 
substances leading to the formation of 
pyiuvic acid. This acid enteis a mito¬ 
chondrion which uses it as fuel for a 
series of cyclical chemical reactions col¬ 
lectively known as Krebs or Citric acid 
cycle. In this the pyruvic acid as well 
as amino and fatty acids (breakdown 
products of proteins and fats) are con¬ 
verted into simpler intermediate pro¬ 
ducts of metabolism. These fuel frag¬ 
ments combine with molecular oxygen 
to form waste products, carbon dioxide 
and water, In this step hydrogen is 
removed from the fuel molecules. The 
chemical bonds of the fuel molecules 
are broken, releasing energy m the 
form of electrons. These join with ADF 
and phosphate to synthesize ATP 
molecules, the electrons becoming 
locked into the high-energy phosphate 
bonds of the latter. ATP is an energy¬ 
trapping device; it represents the end- 
stage in respiration. This mitochon¬ 
drion is free to transport its concen¬ 
trated packet of energy to portions of 
the cell where it is needed. 


Courtesy: Spectrum , September 1964. 
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THE LASER TO BURN A HOLE IN 
YOUR POCKET 

Laser which has been produced by 
the Services Electronics Research La¬ 
boratory at Baldock, one of the naval 
research laboratories, can really bum 
things up at considerable distances 
‘It's tlie neatest tiling I’ve ever seen to 
a death ray’ were the words of a senior 
and sober industrial manager at Elliotts, 
who are developing this laser industri¬ 
ally. 

This laser produces its beam of in¬ 
tense and very pure light from a mixturc 
of two ordinary gases-nitrogen and car¬ 
bon dioxide; gases which are in the air 
around us, Its great advance over pre¬ 
vious laseis is that it can pour out very 
considerable quantity of electrical 
power and do it continuously. Other 
laseis—those using rods of bury or a spe¬ 
cial glass—have produced high power 
beams; but their beams last only for 
millionths of a second. If you attempt 
to piolong this minute time, ruby lasers 
slop working properly, Taken over a 
period the power is very small, Laseis 
made in the past using tubes of gas 
have produced only low power—but 
have done it continuously-and the 
same goes for the third type of lasci 
that uses pinhead-sized pieces of transis¬ 
tor-like material, 

The beam of light from this new gas 
laser is continuous invisible infra-red 


light and is very powerful indeed. By 
focussing it on a minute spot the laser 
can concentrate on to this spot energy 
equivalent to the entire output of a 
modem electric power station focussed 
on to a sui face of one-tenth of a square 
nietic. This means that the laser can 
hum. It can set fire to your cigarette 
or a piece of paper. But these things 
are just parlour tricks, Obviously, it 
could, if you were using it seriously, 
bum a nasty hole in an enemy, and it 
could do tins at a range of sevenil 
hundred yards, because it operates at a 
wavelength which travels well through 
the air, More usefully, it can cut plas¬ 
tics or wood with extieme precision, it 
can cut metal, or engrave glass; it can 
weld metal. One of its earliest practi¬ 
cal applications that are foreseen for it, 
is sealing plastic bags—very humdrum, 
but it would be very efficient at this. 
In the more distant future it could be 
used instead of the surgeon’s knife 01 
scalpel for genn-free surgery. 

ADVANCES IN TECHNIQUES OF SEIS¬ 
MIC SURVEY 

Seismic surveys remain the most ex¬ 
act means for locating possible traps of 
oil in the rocks underground, but there 
arc still aieas incompletely explored be¬ 
cause they produce seismic records that 
are unreliable on account of spurious 
signals corresponding to noise, multiple 
reflections or interference, A method 
of eliminating these unwanted signals 
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is the optical Laser Sean which is being 
used increasingly by Shell Companies. 
By means of this the spatially coherent 
light from a laser is passed thiough a 
35 mm film transpaiency of the pictuie 
made by seismic echo of the earth sub- 
siuface, The lines on the film behave 
as a diffraction grating. As a result, 
the laser light is modified, and the por¬ 
tion of modified light suspected of be¬ 
ing caused by spurious data can be 
blocked out. Until the development of 
the lasei, no source of light with suffi¬ 
cient intensity for this purpose was 
available. 

THE ELECTRONIC BLACKBOARD 
Sad news for the budding juvenile 
delinquent! The electronic age is 
catching up and tricks indulged m when 
teachers’ back is turned won’t be so 
popular in future. Hie teacher can 
now write an equation or draw an illus¬ 
tration on the blackboard that has gone 
electronic. One version of this new 
generation of blackboards was shown 
by EMI at a recent exhibition in 
London of closed circuit television 
equipment for teaching purposes. The 
teacher simply writes on a glass scieen 
in front of him and the picture is shown 
simultaneously on the television screen 
watched by the class. The advantage 
of course is that more than one class 
can watch, possibly several classes in 
several schools. Illustrations can also 
be used. They are piepared before¬ 
hand on transparent material. It looks 
like a useful teaching aid in an age of 
too few teachers for too many pupils 

HYPERSONIC PLIGHT 
One of the problems facing designers 


of airciatt loi speeds of Mach 4.5 and 
more is to provide for cooling of the 
airciaft s skin, engine walls and crew 
space. Aeiodynamic heating may reach 
1,400 C at Mach 6, for example, and 
3,300'' C at Mach 10. 

Scientists and engineers at the Emery¬ 
ville Research Centre, California are 
part of a team working under a contract 
from the United States Air Force to 
develop specifications for potential petro¬ 
leum fuels that might be used at these 
high speeds, and at the same time act 
as heat sinks to cool the aircraft. 

In a paper deliveied recently to 
the American Chemical Society’s Divi¬ 
sion of Peti oleum Chemistry, the Emery¬ 
ville team repoited a method of using 
methylcyclohexane as a heat sink fuel. 
In the first instance, heat from the air¬ 
ciaft would be used to vaporise the fuel 
prior to passing it through a catalytic 
reactor. In this small reactor, further 
heat would he absorbed by an endother¬ 
mic reaction that converts the methyl- 
cyclohexane into toluene and hydrogen, 
both good fuels for hypersonic (Mach 5 
or above) aiiciaft. In this way, a sensi¬ 
ble portion of the aerodynamic heat 
would be dissipated. 

At Thornton Research Centre pre¬ 
liminary work is under way on another 
pioblem connected with high speed 
flight—die dissociation of the combustion 
pioducts in a ram jet engine as a result 
of the high temperature produced, not 
only by combustion, but by the heat 
generated (1,000-2,000°C) m the com¬ 
pression of air entering the engine inlet. 
The heat eneigy tried up in these disso¬ 
ciated components represents a loss that 
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might otherwise lie employed in deve¬ 
loping thrust, It is true that some re¬ 
combination takes place with the release 
of heat, but this does not noimally reach 
maximum extent possible, Thornton is 
examining how the extent of this recom¬ 
bination can be affected by varying the 
composition of fuels or by the use of 
additives, In order to undeilake these 
studies, the laboratory has designed anti 
built the first pebble-bed regenerator to 
be successfully applied to combustion 
research in Europe, This bed is used 
to heat the air before it is mixed with 
the fuel in a combustion unit, The 
Icmpeialure patterns and reactions 
occurring in the combustion lig will be 
momtoied by spectroscopic methods, 

A NEW CONTAINER TO PRESERVE 

MILK QUALITY 

A new type of milk container has been 
developed by the Koninklijke/Shell 
Plastics Laboratorium, Delft, Made from 
a polyethylene film which is produced 


by a special technique it is black on the 
inside and white on the outside. This 
film, only 0.(19 mm thick, excludes light 
which is especially detrimental to the 
quality of milk, 

Milk m ordinary bottles loses more 
than fit) per cent of its valuable Vitamin 
0 when exposed to daylight for three 
hours, Light can also cause an undesir¬ 
able 'light taste’ due to a photochemical 
reaction in the liboflavin (Vitamin R,, ) 
present in milk. In the polyethylene 
sachet on the other hand the Vitamin C 
content is i educed by only 5 per cent 
after 3 hours’ exposme to daylight, 

The sachet, which is now being intro¬ 
duced in the Netherlands, has many 
other advantages over conventional milk 
bottles; it is very light, disposable, easily 
stored and unbreakable, 


Comuiiy: Indian High Co JWim/on, Lo iJtm, 
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SCIENCE AND MATHEMATICS TEACHINGS 
PROJECT UNDER HIE UNESCO TECHNICAL 
ASSISTANCE PROGRAMME 

T HE foui teams woiking in collabo- 
lationwith tlie Unesco experts con¬ 
tinue to prepine and try out the text 
matcuals ill biology, chemistiy, physics 
and matliematics. These materials have 
been printed m Hindi and distributed 
to die students and teachers. The 
illustrations foi these text materials 
were selected and diawn m the depart¬ 
ment, 

The teachers of the dilfeient discip¬ 
lines undei the experimental project 
are meeting once every week Here 
they are familiarized with the new 
teaching materials and the modern 
techniques of teaching die same, The 
participants are also asked to conduct 
experiments under the supervision of 
the team of experts. Notes of lessons 
and instructional materials are given 
to them at these meetings. The ex¬ 
perts are also visiting the schools dur¬ 
ing their working hours. 

On the basis of the teaching mate¬ 
rials a half-yeaily evaluation was con¬ 
ducted during Deccmbei, 1965. Most 
of the participant teachers have report¬ 
ed successful evaluation. The results 
of their performance are now being 
analyzed with a view to further im- 
piove this syllabus and materials 

GENERAL SCIENCE 

A guide book for teachers of general 


science in classes I to V is being deve¬ 
loped for the use of primary school 
teachers based on the draft syllabus of 
general science already published by 
the NCERT. This book will be a 
companion colume to ‘General Science- 
Handbook of Activities—Classes VI to 
VIII already published by the Council. 

WORKSHOP OF SCIENCE CLUB SPONSOHS 

A workshop of Science Club Spon- 
sois fiom die states of Mysore, Kerala 
and Madras was oiganizcd fiom 
19 to 28 December 1965 at the Madras 
Christian College High School, Madras 
Twenty-one teachers participated in this 
woikshop and they weie initiated into 
skills in carpentry, sheet metal and elec¬ 
tric winding. The sponsors were also 
tiained in the techniques of organizing 
investigation types of projects at the 
school level Outlines of more than 
100 such projects were developed by 
the participants and these will be tried 
out by them in the schools. The re¬ 
port of the workshop along with 
the projects was presented at die 
valedictory function which was addres¬ 
sed by Shri M. Bhaktavatsalam, Chief 
Minister of Madras on the last day. 
Shri V. T. Hitus, Director of Secondary 
Education inaugurated the workshop 
on die 19 December, 1965. 

UNESCO TECHNICAL ASSISTANCE 
PROGRAMME 

Dr. G. Maslova, one of the Unesco 
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experts, working with the Department 
hom the beginning of the year’ left for 
Moscow after completion of her term 
of assignment. Dr. S. V. Nazariev, 
Chancellor of the Ozehovo-Zuvscy 
Pedagogical Institute and Dr. V. J. Mi- 
chine, Moscow State Pedagogical Ins¬ 
titute joined the team of experts in 


the month of December, 1965. The 
foimer is the leader of this team. 

In October, 1965, three members of 
the Department of Science Educa¬ 
tion, NCEIIT, namely, Sliri G. Raju, 
Shri K. J. Khurana and Shri K. S. Bhan- 
dari left for a six months' training m 
the USSR under this scheme. 
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THE FIRST MENTAL MEASUREMENT 
HAND BOOK FOR INDIA 


A recent Publication of the National Council of Educational 
Research and Training 


Crown Quarto Pp. XII 4 -505 


Price Rs. 8.30, 


This Handbook is a digest of a large number of psychological tests— 
which have been completed and also those in progress, along with critical 
reviews An Indispensable publication for workers In the field, this volume 
not only gives detailed Information about what Is at present being done in the 
area but also affords an Insight Into future possibilities and directions of work. 


Copies available from 

Business Manager, 
Publication Unit, 

B-31 Maharani Bagh, 

Ring Road (Near Ashram), 
New Delhi 14. 
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Senior Science for High School Students. 
Part I —Senioi Science Textbook of 
Authors and Editois. Physics Nuclear 
Research Foundation, University of 
Sydney, New South Wales, 1966. 

Recently attempts have been made 
m vaiious countiies to produce text¬ 
books foi physics, chemistry, biology 
and mathematics with the collabora¬ 
tion of university and college profes¬ 
sors and school teachers. The first 
step in this direction was taken in the 
USA where tire textbooks along with 
teachei’s guides were prepared a few 
years back after actual trials of the 
preliminary editions in schools. A 
similar step has been undeitaken by 
die Nuffield Foundation, but so far no 
books have been published by the 
second group. 

Some year’s back, the Nuclear Re¬ 
search Foundation of the University 
1 of Sydney, New South Wales, produc¬ 
ed a composite book entitled Science 
for High School Students. This book 
dealt with not only physics, chemistry 
and biology but also with astronomy 
and geology. The piesent book on 
physics is a continuation of the pre¬ 
vious book and takes a four-year science 
course through to the end of the sixth 


year of secondary schooling. Wheieas 
in the first book the idea was to pre¬ 
sent a connected account of all the 
branches of science bringing out their 
inter-connections, die present book is 
meant for teaching physics as a special 
subject. Of the five authors connect¬ 
ed widi the writing of the physics 
book, four are university teachers and 
one is a school teacher. 

The book deals with some of the 
advanced topics which aie ordinarily 
taught m our universities in the B.Sc. 
(Pass and Hons) classes. There are two 
chapters on the ‘Theory of Relativity' 
and four chapteis on what is generally 
called ‘Modem Physics/ After master¬ 
ing tliis book a student should be in a 
position to clearly understand any 
book on modern physics which does 
not involve difficult mathematics. Each 
chapter ends with suggestions for 
practical work and suggestions for 
further reading. One of the books 
suggested for further leading is Richt- 
myer, F. K. and Kennard, E.H. Intro¬ 
duction to Modem Physics, McGraw- 
Hill, 1947 which an ordinary student 
might find difficult 

The book has been well illustrated 
especially with regard to diagrams ex¬ 
plaining the fundamental concepts of 
physics. 
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Some of the ideas introduced aic; 
not generally found in a physics book. 
One example of this is the discussion 
of Olber’s paradox which could not be 
explained by the ideas of the 19th cen¬ 
tury but lias now been explained by 
llie concept of the expanding univoisc. 

Throughout the book the authors 
use the M.K.S.O. system. It is, there¬ 
fore, unfoitunate that no clear defini¬ 
tions of coulomb and ampere have 
been given in the book. It is stated 
on page 64 that the experimentally 
determined value of K, in the equa¬ 
tion F-J is 1.12x10*". But this 

-K. r 

pre-supposes the fixing of the value oi 
the coulomb and this has not been 
done. 

It is felt that the book will be 
found useful both to teachers and 
students and should find a place in a 
library. 

n. N. BAI 

Concept in Science, Vols, 1—6 : Branu- 
wein, P.E., Cooper, E.K., Blackwood, 
P.E. and H°&5, E, B. Ilarcouni Brace 6- 
World, Inc. Ncio York , 1966. 

Volmne I: 

Volume II: T. E. pp. 184 
Volume III: pp. 314+TE pp. 133 
Volume IV : pp. 314 
Volume V: jrp. 376-t-T.E. pp. 198 
Volume VI: pp. 430+T.E. pp. 171 

(T.E.--Teacher’s Editions). 

Tiro vast disciplines of science are 
everyday gathering more and more be¬ 
wildering data. Yet in this mass-ac¬ 
cumulation of facts there are certain 
concepts of science that remain com¬ 


paratively stable. These concepts otfei 
a very good frame of foundations foi 
building a science* programme. 

'Phis series presents an elementary 
school science programme with a curri¬ 
culum structure upon a framework of 
such concepts*. From the previous child- 
centre approach there is now a shift 
to a process-centered approach, that is 
the content is being given more impor¬ 
tant role in the curriculum so that the 
interaction between the discipline and 
the pupil in tire process of learning 
receives a major emphasis. 

Tlu* present set has selected the fol¬ 
lowing six major conceptual .schemes • 

1. Conservation of energy 

2. Conservation of matter* 

3. Inter-dependence of living things 
with environment and other liv¬ 
ing things. 

4. A living tiring is the product of 
its heredity and environment 

5. Living things are in constant 

change 

6. Tire universe is in constant 
change. 

Each conceptual theme is further 
developed in six concept levels with in¬ 
creasing complexity in an ad hoc ordei 
of precedence. The levels form rungs 
of a ladder so organized that the under¬ 
standing of one precedes for the com¬ 
prehension of the next, Each concept 
has a number of such concepts, 

The treatment of the subject matter is 
activity-oriented so that the children 
participate in the activities and perceive 
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objectives, events and phenomena. The 
emphasis is on the scientific approach of 
investigation including observation, in¬ 
vestigation, collection of relevant data, 
description of results, discussion of 
findings, confirmation of findings, read¬ 
ing the work of scientists, reporting of 
work and within limits experimentation 

The textbooks are profusely illustrat¬ 
ed with very giaphic and lealistic, 
coloured diagrams and actual situation 
photogiaplis. The language of the books 
is well graded according to the class 
levels Each section ends with exercises 
on Testing Yourself’, ‘Further Readings’ 
and suggested continuing activities. At 
the end of each volume is a detailed 
glossary of key-concept -words so that 
accuracy in expression results. 

Each textbook has got a companion 
teacher’s guide which gives the teachei 
valuable background, information and 
suggestions for introducing the lesson, 
developing the concept and extending 
the concept through investigations, key- 
concept words, suitable readings and 
thoiough development of mental models 
to clarify the concepts. 

The get-up and printing of the books 
are excellent. 

It is expected that the series will form 
a rich resource material of activities for 
the trainees of the Teacher Training In¬ 
stitutions for preparing general science 
teachers for the primary and middle 
grades. 

N. K. SANYAL 


Great Discoveries by Young Chemists. 

Kendall, J, Thomas Nelson and Sons, 
London , 1953. pp. 230. 

This volume is an mteiesting nar¬ 
rative of the development of chemistry 
in the last 200 years through the bio¬ 
graphies of some eminent chemists. 
The author has given a course of lec¬ 
tures adapted to a ‘Juvenile Audi¬ 
tory’ delivered at the Royal Institution 
m 1938. The style of the lectures has 
been changed into a narrative form 
and is well suited for a juvenile read¬ 
ing gioup. The intimate biographical 
details of the most important chemists 
have been piesented and a continuous 
historical development of the main 
currents of chemistry has been main¬ 
tained. The emphasis has been given 
to the predominant part played by 
young chemists in die development of 
their science. Interesting and authen¬ 
tic biogiaphical anecdotes make die 
narration very attractive. Among the 
chemists whose biographies are includ¬ 
ed are Davy, Faraday, Perkin, Hoff¬ 
man, Couper, Louis Pasteur, Van’ Hoff, 
Kekule, Ostwald, Mendeleef, Mosley, 
Madame Curie, Ramsay, Langmuir, 
Martin Hall, etc. 

The author has tried to give an 
account of the actual experimental 
work and the process of investigation 
as a basis for the development of the 
subject, 

The chapters on ‘Chemistry of solu¬ 
tions’ and ‘Elements old and new’ 
give a lucid account of how modern 
ideas were evolved through the pio¬ 
neering efforts of some of the brilliant 
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chemists of the day, Towaids the end of the historical developments of chc- 
the author has given how the fiist mistry and lie of gieat help m prepar- 
chcmical society and fiist chemical ing teaching materials, 

journal wcic developed in England. 

The volume is leeoimnended as a 
This hook will he a valuable source suitable reference hook for all school 
of information and itispimtiim for the binaries wlieic .science is taught, 
students of the higher secondary 
classes; for the teaclieis it will Rive 

authentic sources of the origin of many n. k. sanyal 
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